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FOREWORD 

This  report  was  prepared  by  The  Marquardt  Corport 
California,  on  Air  Force  Contract  AF  33(657) -8123,  under  Task 
of  Project  No.  655A,  "Nuclear  Ramjet  Propulsion  Systems  Reseai 
ogy".  The  work  was  administered  under  the  direction  of  the  R 
atory  (Directorate  of  Aeromechanics),  Aeronautical  Systems  Dii 
Latham  was  Project  Engineer  for  the  Laboratory. 

The  studies  presented  here  were  performed  during 
led  1  January-31  December  1962.  The  Marquardt  Corporation  acl 
der  the  direction  of  A.  0.  Mooneyham,  Senior  Project  Engineer 
utors  were  J.  G.  Bendot,  Aerothermcdynamics ;  R.  D.  Grossman,  ] 
ment;  R.  K.  Nuno,  Controls. 

This  report  is  the  final  technical  summary  repori 
the  work  on  Contract  AF  33(657)-8l23 •  The  contractor’s  report 
Marquardt  Report  6003.  The  volumes  of  this  report  arc  as  foil 
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ll  Analysis 
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Structural  Materials  Investigations 
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ABSTRACT 

(1'hiP  abstract  ifiVtgewrtf iQfl.faf)CrTO)' 

This  volume  contains  the  renulti;  of  design,  structures 
talc  studies  and  structures  component  testing  of  a  nuclear  prOpulsii 
support  of  the  Pluto  z*eactor  program.  These  studies  include  design 
structural  analysis  of  steady  otuLe  and  dynamic  loads,  material  eva. 
recommended  dynamic  and  structural  test  programs.  The  methods  of  ai 
have  been  outlined  in  each  case  for  reference# 
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SUMMARY 

The  mechanical  and  structural  design  effort  during 
period  (l  January  196?  through  31  December  1962)  has  been  direc 
design  of  a  flight  type  propulsion  system,  designated  the  MA50- 
corporates  a  reactor  reflecting  Tory  IIC  reactor  technology,  f 
been  expended  in  design  and  fabrication  of  development  test  hai 
ponent  testing. 

Design  layouts  have  been  completed  for  the  MA50-XC 
ten  In  addition  to  the  major  components  that  make  up  the  entire 
the  inlet  and  diffuser  duct,  ejector  exhaust  nozzle,  reactor  cc, 
port  system,  reactor  lateral  and  axial  support  structure,  inlei 
tion  and  bypass  door  mechanism  and  exhaust  nozzle  attachment, 

Design  and  fabrication  have  been  completed,  for  the 
and  free  jet  aerodynamic  coupling  test  hardware,  engine  airfran 
ment  tent  hardware,  and  reactor  lateral  support  spring  test  h&i 

Tc3t  outlines  and  test  results  for  the  aerodynamic 
are  reported  in  Volume  II  of  this  report. 
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1,0  INTRODUCTION 

The  model  MA50-XCB  nuclear  ramjet  propulsion  systt 
Figures  1  and  2  consists  of  a  variable  geometry  supersonic  inl« 
fied  Isentropic  spike ,  a  subsonic  diffuser  Incorporating  a  var* 
a  nuclear  reactor  similar  in  construction  to  the  Tory  110  reac 
ted  control  system,  and  a  convergent-divergent  ejector  type  ex) 

The  inlet,  which  is  an  underslung,  nxlsymmetric,  < 
compression  type,  has  a  translating  centerbody  spike  with  a  raa; 
seven  inches.  The  spike  actuation  mechanism  is  housed  within  * 
structure  and  is  air-operated.  Air  is  supplied  to  the  actuato: 
located  in  the  centerbody  structure.  The  bypass  doors  are  loci 
ity  of  the  aft  centerbody  $  tructure  and  are  an  integral  part  03 
inlet  structure. 

The  subsonic  diffuser  duct,  from  aJTi  of  the  supen 
front  face  of  the  reactor,  is  an  integral  part  of  the  missile  i 

The  nuclear  reactor  is  composed  of  a  series  of  Inc 
elements  that  make  up  the  fueled  core  and  front  rear  and  radio: 
reactor  is  maintained  in  the  form  of  a  right  circular  cylinder 
spring-loaded  expansion  shell  pads.  A  series  of  axial  tie  tube 
through  the  reactor)  collect  all  aft  directional  loads  through 
plates  and  transfer  them  to  a  front  sui^ort  structure.  All  ax. 
upon  the  reactor  are  transferred  bo  the  airframe  through  a  she* 
in  the  vicinity  of  the  front  support  structure. 

The  reactor  control  rod  translating  mechanisms  arc 
of  the  front  support  structure  and  housed  within  the  inlet  duct 
actuators  axe  mounted  in  the  annulus  between  the  diffuser  duct 
airframe. 

The  exhaust  nozzle,  is  a  convergentMiivergent  ejec 
fixed  primary  and  secondary  nozzle  flow  areas.  Thin  design  em] 
ent-divergent  outer  shell  with  an  inner  shell  in  the  convergent 
The  annulus  between  the  inner  and  outer  shell  1b  sized  such  the 
ing  air  (secondary  flow)  cools  the  convergent  portion  cf  the  nc 
convection.  The  divergent  portion  of  the  nozzle  in  then  film-c 
issuing  from  the  annular  passage  Just  aft  of  the  throat. 

The  weights  and  centers  of  gravity  for  the  MA50-XC 
ents  are  shown  in  Table  I.  Margins  of  safety  are  presented  in 
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2.  0  PROPULSION  SYSTEM  DESIGN  CRITERIA 


2.1  General  Discussion 

Particular  emphasis  for  efficient  operation  of  any  prt 
tem  designed  for  high  speed  flight  must  be  placed  on  lightweight  ai 
structure,  which  will  provide  the  necessary  performance.  Structure 
determine  the  shape  and  size  of  individual'  structural  members  to  61 
imum  weight  of  these  structures.  Design  criteria  are  concerned  wii 
associated  with  the  operational  life,  the  associated  loads,  temper* 
times  at  load  and  temperature.  Also  included  will  be  nomenclature 
factors  for  use  in  analysis  together  with  the  physical  properties  ( 
itils  used  in  fabrication.  Such  data  are  presented  in  the  pages  fol 

2.2  Mission  Parameters 

2-2.1  Contractual  Requirements 

The  following  typical  mission  parameters  are 
Reference  1,  Paragraph  1.1,  to  be  used  as  a  basis  for  propulsion  35 

Minimum  range  11,000  nautical  miles 

Maximum  payload  10,000  pounds 


2-2.2 


Flight  Capability 

High  altitude  cruise  at  35*000  feet  at  Mach  3 
Minimum  time  4.0  hours 


Maximum  time 
Penetration  at  500 


7-0  hours 

to  lOOO  feet  at  Mach  2.8  t 


Minimum  time  2.0  hours 

Maximum  time  3-0  houru 

Component  design  lifetime  to  be  adequate  for 
bility  in  performing  above  maximum  requirements. 

The  Pluto  propulsion  system  is  designated  wav 
Model  MA50-XCA  Nuclear  Ramjet  Engine.  Operating  envelopes  for  this 
presented  in  Reference  2.  The  envelope  limits  are  associated  with 
actuator  requirements  and  structural  limitations  of.  materials.  Due 
tablishment  of  temperature  and  pressure  limitations  (inlet  air  tota 
ture  of  1070°F  and  diffuser  exit  pressure' of  420  psia),  the  system  » 
ate  at  Mach  3-2,  Sea  Level,  on  an  iCAO  Standard  Day.  This  point,  pi* 
tern  in  the  moBt  severe  steady  state  operating  condition  (exceeding  i 
ments  stated  above)  and  should  be  taken  as  the  structural  design  po 
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2.5 


typical  Mission  Profiles 


Vehicle  total  mission  flight  profiles  used  by  Marquardt 
Standard  and  AM  421  Hot  and  Cold  Days,  and  presented  in  Figures  3>  ^ 
are  reproduced  for  reference  from  Ling-Teraco-Vought  data  presented  ir 
3  and  again  in  Reference  4.  Critical  Mach  number  vs.  altitude  combi 
from  these  curves  are  as  follows: 


Day  Condition 

Operational  Phase 

Altitude 

(feet) 

Much  Ne 

AKA  421 

High  Altitude  Cruise 

32,000 

3.55 

Hot  Day 

Low  Altitude  Cruise 

1,000 

2.92 

ANA  421 

High  Altitude  Cruise 

33,000 

1|.0 

Cold  Day 

Low  Altitude  Cruise 

1,000 

3.1 

ICAO 

High  Altitude  Cruise 

35,000 

3.0 

Std  Day 

Low  Altitude  Cruise 

1,000 

3.1 

A  typical  regime  represents  a  flight  of  11,000  nautical 
approximately  310  minutes.  These  regimes  consist  of  launch  and  rockc 
high  altitude,  steady  state  cruise  at  high  altitude  for  approximately 
hours,  letdown  to  lav  altitude  in  approximately  2.0  minutes,  and  otec 
cruise  to  target  for  the  balance  of  flight,  approximately  1-1/3  hourc 
cruise  phases  intermittent  maneuver  and  gust  loadings  will  occur. 

Contractual  requirements  of  Section  2.2.0  specify  a  more 
design  life  of  10  hours.  The  flight  envelope  (Figure  6)  for  ICAO  St© 
specif ieo  a  more  severe  low  altitude  cruise  combination  of  Mach  3*2  © 

2.4  Flight  Envelope* 

The  preliminary  Pluto  propulsion  system  operating  cnvelc 
Model  MA50-XCB  Nuclear  Ramjet  for  ICAO  Standard  and  ANA  421  Hot  and  C 
were  presented  in  Reference  2  ard  are  reproduced  in  Figures  6,  1,  and 
deal  boost  trajectory  is  shown  in  Figure  9*  Idmito  for  these  envelop 
follows : 


1,  Mach  2.0  lover  limit  is  established  by  operation  re<; 
on  pneumatic  components. 

2.  Tipper  altitude  limit  is  established  as  the  line  of  c 
diffuser  exit  pressure  of  4 5  psia  (assures  required 
pneumatic  pressure  ratio)  up  to  50,000  feet. 

3-  Mach  number  and  altitude  requirement  Jo  net  either  t 
air  total  temperature  of  107<)UF  or  a  diffuser  duct  t 
pressure  of  420  psla. 
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2 . 5  Nomenclature 

2*5*1  Operational  Phases 

As  an  aid  to  systematic  analyses,  propost 
sile  mission  profiles  are  divided  Into  a  series  of  operational 
phases  which  are  studied  separately  for  individual  maximum  loac 
tively  for  lifetime  loading  effects,  are  the  following: 

1-  Ground  handling 

2.  Boost 

a*  Burnout  (launch  to  burnout) 

b*  Separation  (booster  separation  tc 
cruise) 

5.  High  altitude  cimlae 

k .  Letdown 

5.  Low  altitude  (penetration)  cruise 

6.  Weapons  delivery  (ejection  of  multi p3 
final  phase  of  low  altitude  flight) 

2.5-2  Reference  Axes 

The  following  reference  axes  notations  we 
analyses;  (l)  loads,  linear  accelerations,  and  dimensions  posit 
aft,  up,  and  to  the  left  (viewed  from  aft);  (2)  moments,  angule 
and  angular  velocities  about  references  axes  follow  the  "left  T 
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2.6 


Basic  Operational  Factors 
2*6.1  Inertial  Load.  Factors 


2.6, 1*1  Flight  Maneuver  Factors  at  Missile  Center  of  ( 

The  inertial  load  factors  presented  in  Table  ! 
sent  the  translational  acceleration  at  the  vehicle  center  of  gravity 
reproduced  from  data  presented  by  Ling-Teir.co-Vought  in  Reference  3. 
al  accelerations  and  Wz  are  referenced  to  the  vehicle  center  of  ( 

Dynamic  load  shears  and  moments  for  ejection  < 
warheads  must  he  added  to  the  static  rigid  body  shears  and  moments  c 
these  load  factors. 

2 . 6 . 1  * 2  Flight  Maneuver  Translational  Inertial  Load  Ft 

Centers  of  Gravity  cf  Individual  Components 

The  component  Inertial  loads  shown  in  Table  E 
culated  from  data  presented  in  Reference  3  (Figure  l8) ♦ 

2. 6. 1.3  Design  Limit  Load  Factors  for  Reactor 

The  following  inertial  factors  (Figure  19  of  I 
represent  the  combined  inertial  effects  of  both  translational  and  rc 
acceleration  acting  at  the  realtor  center  of  gravity*  at  vehicle  Fust 
tion  842.48.  The  vertical  load  Vectors  for  the  case  of  weapons  ejet 
presented  in  Table  V  for  the  reactor  end  stations. 


2. 6. 1.4  Design  Limit  Ground  Handling  Inertial  Factors 

The  following  factors  (Table  VI )  are  in  terms 
tional  acceleration  at, the  missile  center  of  gravity  (refer  to  Refei 
ure  20) . 


2.6.2 


Vibration  F»nvlronment 

1*  Launch-Boost 

2.  Cruise  ( Bounds ry 
Layer  Noise) 


Average  3»Og  RMS  In 
ail  directions  (l80db) 

Average  2*23  g  in 
all  direct! ons  ( l64db) 


2*7  Analytical  Factors 

2 *7*1  Design  Factors  and  Factor  of  Safety 

Multiplying  murceric-Rl  factors  used  In  the  strv 
alysis  design  of  structural  components  are  classed  as  "Design  Factor 
tors  of  Safety"  (Table  VII) . 
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2. 7-1*1  Design  Factors 


Structural  deformations  alter  propulsion 
ance  and,  if  excessive,  may  result  in  functional  failure.  Deal 
utilised  to  provide  greater  assurance  against  deformations  that 
to  predict  with  confidence. 

C. 7*1*2  Factors  of  Safety 


Factors  of  Safety  are  utilized  to  reduce 
of  catastrophic  structural  failure,  such  as  hackling  or  rupture 


2.7* 1*3  Limit  Loads 


A  limit  load  is  defined  as  the  maximum  va 
to  which  a  structural  member  will  he  subjected  during  a  critica 
tion. 


2.7*1*’J  Design  Load 

A  design  load  is  a  limit  load  increased  b 
Design  Factor  of  Factor  of  Safety. 

2. 7*1* 5  Use  of  Factors 


To  avoid  confusion,  the  limit  values  of  1 
stresses  shall  be  utilized  in  all  calculations  and  design  facto 
safety  applied  only  in  the  calculation  of  margins  of  safety. 

2.8  Margins  of  Safety 

Calculated  values  of  limit  stresses  increased  by  t 
multiplying  design  or  safety  factor  are  compared  to  the  pertine 
mechanical  strength  properties  and  margins  of  safety  derived  as 


Margin  of  Safety  *=  (-  Alley able  , Stresses,  . 

Limit  Stresses  X  factor 

2-9  LimitB  of  Structural  Deformation 

Material  strain  within  the  elastic  action  range  ra 
product  function,  but  additional  progressive  deformation  assocl 
and  temperature  will  progressively  alter  propulsion  system  perf 
result  in  system  malfunction. 

For  a  given  functional  design  the  object  of  struct 
is  to  determine  the  amounts  of  deformation  that  can  be  tolerate* 
Give  functional  loss  and  then  to  provide  the  minimum  weight  str 
accomplish  these  requirements. 
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Deformation  limits  vary  between  individual  structural  i 
depending  upon  their  function  in  the  system  and  the  interaction  bet 
ponents. 

Allowable  limits  of  deformation  are  specified  in  the  s 
alyr.es  of  individual  components  presented  in  later  sections  of  this 

2 . 10  Materials  and  Material  Properties 

2.10.1  Choice  of  Material 

A  study  of  available  materials  suitable  for  h 
ture  operation  indicates  that  nickel  base  alloys  are  the  most  euita 
current  load,  time,  and  environment  operational  requirements  of  the 
pulsion  system. 

Rene’  4l,  a  precipitati on-hardened  type  of  ni* 
alloy,  the  strength  of  which  is  developed  by  various  solution  and  a. 
treatments,  appears  to  be  more  attractive  for  use  in  the  present  tfo 
runment.  However,  if  the  thermal  environment  should  become  less  se~ 
15-TPH  may  be  considered. 

2.10.2  Oyer  Aging;  and  Cyclic  I  ceding 

hong  life  at  temperatures  approaching  the  pre< 
heat  treatment  range  may  result  in  excessive  ove raging  and  lower  st 
life.  In  addition,  the  low  cycle-high  stress  level  fatigue  life  de« 
idly  at  temperatures  near  the  precipitation  treatment  range. 

Since  the  operational  temperatures  of  the  ini' 
are  in  the  1000 °F  range,  the  chosen  material  should  be  investigated 
loading. 


Ml 


Design  Parameters 


Engine  design  parameters  are  ah  own  in  Figures  10,  11,  i 
renting  net  flow  areas,  Mach  numbers,  temperatures,  pressures,  and  i 
requirements. 
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3,0  INLET 

3-1  Design 

3*1.1  Discussion 

Design  layouts  have  been  completed  for  tfc 
Basic  lines  are  shewn  in  Figures  13  and  14,  and  structural  fran 
translation  mechanism,  and  the  bypass  door  actuation  mechanism 
Figures  13,  l6,  and  17,  respectively. 

The  inlet  is  a  complete,  sell'- contained  e 
ing  at  Engine  Station  49*348  (at  t';Lp  of  spike)  and  terminating 
tion  286  936,  The  inlet  assembly  is  attached  to  the  underside 
by  bolts  through  oversized  holes  for  vertical  loads  only  and  by 
nection  for  forward  and  aft  loads.  Side  loads  are  resisted  by 
the  shear  pin  connection  and  six  shear  pins  equally  spaced  arot 
al  ring  at  Engine  Station  286.936. 

3*1*2  Boundary  layer  Air  Bleed 

Provision  for  efficiently  discharging  ini 
er  bleed  air  is  made  by  ducting  the  air  through  the  two  lover  c 
annulus  between  the  inner  and  outer  shells  of  the  inlet  diffuse 
boundary  layer  bleed  exits  axially  downstream  through  a  stepped 

3*1*3  Bypass  Doors 

Bypass  doors  are  used  to  control  the  airf 
tor.  Due  to  the  control  package,  the  doors  are  located  in  the 
of  the  supersonic  inlet  diffuser  where  the  nuclear  heat  generat 
low  and  space  restriction  for  the  actuator  mechanism  is  less  se 
are  of  the  vertically  hinged,  counterbalanced  shutter  type,  moc 
sides  of  the  inlet  on  the  inlet  horizontal  centerline.  The  doc 
to  operate  at  a  maximum  pressure  differentia],  of  420  psi  at  des 
are  capable  of  opening  and  reeloslng  within  three  seconds  when 
that  the  inlet  restart  during  low  altitude  cruise.  The  doors  a 
means  of  a  top  crank  operated  from  a  single  pneumatic  actuator, 
synchroniaat ion . 

3-1.4  Spike  Translation 

The  inlet  must  be  capable  of  start,  rests 
positioning  at  Mach  numbers  below  and  above  design  point.  The 
forward  to  start  or  restart  the  inlet  and  must  retract  for  oper 
Macb  number.  At  reduced  Mach  numbers  the  intersection  point  of 
sion  shocks  moves  forward,  and  it  is  necessary  to  extend  the  sp 
keep  these  shocks  positioned  properly  on  the  centerbody  and  bou 
forward  of  this  intersection  point.  The  translating  spike  is  d 
1-00  inch  and  extend  6.00  inches  fcr*ux-d  from  the  design  positi 
by  critical  operation  at  Mach  2-8.  Alec*,  the  npike  is  designed 
under  normal  operation,  at  one  inch  per  second  with  the  capabil 
ing  7*00  inches  In  three  seconds. 
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The  spike  translation  mechanism  is  designed  t( 
against  a  maximum  spike  load  of  58,000  pounds*  A  modified  pneumatii 
tor  with  servo  valve  (input  speed:  1200  rpm;  output  speed;  8.2  rpm) 
cone  drive  worm  gear  (50:1  reduction),  which  drives  a  19-tooth  pinit 
drives  two  racks  (3  1/2  diametral  pitch  teeth  with  effective  face  w: 
inches)  that  are  attached  to  the  inlet  spike,  thereby  providing  for 
lation. 


The  centerbody  spike  is  mounted  to  a  guide  syt 
consists  of  four  one-inch  rods  (equally  spaced  circumferentially  abc 
dially  located  5*25  inches  from  the  inlet  horizontal  centerline)  anc 
guide  bushings  affixed  to  the  internal  centerbody  structure.  Axial, 
resisted  by  the  actuation  mechanism,  and  the  side  loads  are  resisted 
guide  system. 

3*1*5  Weights  and  Center^  of  Gravity 

Weights  and  centers  of  gravity  for  the  inlet  t 

Table  VIII. 


3.2  Structural  Analysis 

3*2.1  Discussion 


*he  following  preliminary  structural  analysis 
let  is  concerned  primarily  with  major  structural  itemB,  (Figures  18 
It  has  been  found  that  in  most  cases  the  inertia  forces  counteract  i 
air  loads  and  are  email  in  raagnitude.  It  has  therefore  been  considt 
ciently  accurate  to  omit  them  from  this  analysis. 

It  has  been  assumed  that  the  structure  has  bee 
to  three  possible  conditions: 

1.  A  steady  state,  long  time  (10  hours)  fligT 
near  sea  level  with  air  entering  the  Inlet 
pitch  angle. 

2.  A  short  time  flight  regime  (3  minutes)  nee 
level  with  air  entering  the  inlet  at  6.0° 
angle  and  3 .6°  yaw  angle j  this  regime  re pi 
a  "pull-up”  condition^ 

3-  A  short  time  flight  regime  similar  to  (2) 
shock  outside  the  cowl  producing  abnormal 
loads  on  the  spike  itaelf. 


alynin : 


The  following  nomenclature  is  used  in  the  etri 


F  »  Stress,  psi 
^  p  Pressure  differential,  psi 
I  =  Moment  of  inertia,  in^ 
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o  -  Width  of  section,  in. 

t  «  Thickness,  in* 

T  =  Allowable  crippling  stress,  p»i 

M.S.  *=  Margin -of -safety 

3  -2»2  Cowl  Lip 

The  pressures  for  a  condition  of  Mach  3*0 
from  data  given  in  Figure  20  are  combined  as  follows  to  detexmln 
and  deflections,  as  these  were  the  only  data  available  at  the  ti 
ysis . 

Pressures  on  inside  and  outside  lip  surfac 
al  length  of  4.8  inches  are  shown  in  Figure  21  (Sketch  A). 

Pressures  on  inside  and  outside  cowl  aurfa 
ditional  axial  length  of  8.4  inches  are  shown  in  Figure  21  (Sket 

These  pressures  are  averaged  as  follows  tc 
erage  pressure  on  the  whole  13.2  inches  of  axial  length  and  a  tc 
per  inch  of  circumference  as  shown  in  Figure  21  (Sketch  C). 

Loading  Per  Inch  of 
A.P  Length  Circumference 

(psi)  (inches)  (lb/inch) 


-37 

(4.8) 

-  177-5 

Sketch 

-96 

(8.4) 

-  806.O 

Sketch 

-7*+.  5 

(13-2) 

-  983.3 

The  foregoing  leading  of  Figure  21  (Sketch 
broken  into  three  portions  to  represent  unsymmetrical  loading  cc 
could  result  from  pitch  or  yav  angles  of  attack  at  the  same  alti 

It  is  assumed  in  this  analysis  that  the  ou 
on  the  windward  side  drops  to  one-hal.f  its  original  value,  that 
loading  on  the  leeward  side  could  increase  to  twice  its  original 
the  loadings  on  the  neutral  sides  would  remain  unchanged.  The  t 
which  will  be  uuper imposed  one  on  another  for  analysis  of  the  st 
pear  in  Figure  22. 

Strececc  due  to  hoop  tension  ar/1  bending  a 
the  0°  and  the  90°  locations.  Section  proportion  and  locations 
ea  are  calculated  are  shewn  in  Table  IX  and  Figure  23 •  Moments 
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3. 2. 2.1  Circumferential  Location  0° 

f  (V,  V,  or  V)  -  !■„_  *  if  .  *  +  Mjp  1 

=  5000  +  11,000  =  16,000  pal 

f(  "s")  =  +  *■  —  +  "1^?50(O.5$)  _  50Q0  „  I0,500  =  -5500  pai 

3-94  0.631 

f(  «a")  „  +  2l §1 ,x. g0  +  -*3, 250(0.147)  B  5000  _  50g0  „  +1520  3 

3.94  O.631 

x  £.°.  +  z2h222lh2§2l  =  50oo  -  22,400  =  -17,40c  »i 

3.94  0,631 

5. 2. 2-2  Circumferential  Location  90° 

f(  V,  V,  or  V)  =  P„  ™  +M  =  +  SSliLiO  +  l4|Pqo{ -0.522) 

,  '  J1*1,  I  3.94  0.631 

-  45000  -  12,000  =  -7000  psl 

f("s")  =  +  ?81)  x  g0  +  ^^OiP^O?.  „  +5000  +  11,500  =  416,500  il 

3.94  0.631 

f(  "a")  =  +  2.8-4-x- 2P  4  t=  +50OO  43370  ^  48370  pal 

3.94  O.631 

f("l”)  =  4  2.6--.X.,.gP  4  =  45000  4  24,500  =  429,50C  5Sl 

3.94  0.631 

3. 2. 2. 3  Longitudinal  Lip  Bending  at  Station  6.92  (HoIj  ?  Section) 
Bending  Moment:  1989  inch- pounds 

0.062  -  | - 


Radial  direction;-^ 
Circumferential  direction 
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f.  « 


=  (0.062  x  1.0  x  0.^92)2  =  0.01! 
1989  x  0.3 49 


In'* 


Md. 

1 


0.01512 


45, 800  pt  ( longitudinal 
tension  c  inside  surface 
and  longj  idinal  compres¬ 
sion  on  c  side  surface) 


3*2.2, 4  Longitudinal  Lip  Bending  at  Station  5«C  (Solid  Section) 

Depth  is  0.40  inch.  Take  circumferentj  .  dimension  oe 
1.00  inch,  moment  as  925  inch- pounds: 


-  iS  .  ^2JLL  „  31.700  pal 


§ 

u 


1.0  x  o4o: 


3-2. 2. 5  Margins  of  Safety 

The  stresses  of  Para.  3. 2. 2.1,  3 *2. 2. 2,  tnd  3. 2. 2. 5  are 
all  considered  as  "short  time"  stresses  occurring  during  a  me  juver  and/or 
gust.  For  the  purpose  of  design  conservatism,  the  above  stre  tea  are  raised 
by  the  factor  of  1*25  and  compared  with  material  yield  stresE 
At  local  points  where  buckling  is  not  a  problem,  the  operatir 
raised  by  the  factor  of  1.10  and  compared  with  the  material  >  ?ld  stresses-" 
short  time. 


for  short  times, 
stresses  are 


3 .2.2-6  Circumferential  Bending  and  Tension,  hr.  it  ion  0° 
Temperature  taken  as  1100 °F;  material  F  ie’  4l: 


Tension  on  outside:  MS  * 


+105,000 

+1.6,000  x  1.2 


-I 


4.25 


Tension  at  splice:  MS  -  .+A°?./9C.:>...X  °- 

+  16,000  x  1. 


-105  QOC 

Compression  on  inei^ft:  MS  =  - -  «- 


4.06 


-17,400  x  .1  5 


-  -1  5.82 


jmm 
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Compression  on  leading  edge  (tangential  direct 
Take  b  =  2.00  In.,  take  teff#ctlva  &3  O.O57  + 
(0.25-0.057)  =  0.0846  in. 


b/t  =  -~rr  =  23.6 

0.0846 


f  £  6  i  2 

Fcr  =  0,1+52  ^  W  =  °,lt52  X  22,7  x  10  ^237^  = 


(Reference  6,  Table  B  5.2) 

*  ..  -m,XK>  -1  -  i,&i 

-1.25  X  5500 

2. 2. 7  Circumferential  Bending  and  Tension,  Location 
Temperature  taken  as  1100°F;  material  Rene1  Hi 


Tension  on  inside  surface:  MS  = 


+105,000 


Tension  at  splice: 


+1.25  x  29,500 


_  +105,000  x  0.8 

M3  »  .  — ~ 

+  1.10  x  29,50' 


l 

i 


3. 2. 2. 8  Longitudinal  Bending  Stress  at  Location  0a 

Temperature  taken  as  1100°F;  material  Rene1  Hi 

Compression  on  outside  surface  from  Para.  3*2.: 

There  is  a  weld  splice,  bo  efficiency  of  joint 

0.85: 

US  .  .!  .  «.J6 

Ii5,800  x  1.25 


3< 2. 2. 9  Summary  Note 

Since  the  above  calculations  were  made  there  hi 
slight  modification  of  skin  gages;  however,  it  is  believed  that  chan, 
gages  will  not  appreciably  affect  the  above  analysis. 


■SCCREHim'TftWTID  DAT* 
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n): 

143 


8, 400  pul 


1  =  1.85 

-1  =  1.75 

5 
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3.2*3  Diffuser  Skin 

3 • 2 . 3 ♦  1  Bursting  Effects 

This  applies  to  the  innei  of  double  akin 

R  =  17*88  inches;  design  preBBure  inside 
(maximum  which  would  occur  locally  betwe* 

Pressure  outside  ^  3  3  pel;  P  -  3( 


6003 


too  psi 

frames) 

psi 


By  conventional  formula  for  bursting  of  ; 


t 

HT 


Px  R  ^  383  x  17.88 

t  “  0.10 


68,730 


cylinder, 

i 


Material :  Rene 1  Hi 


joint  Allowable: 

10  hours,  0.2$  creep  «  0.85  x  92>000  «  71  LOO  psi 


MS  * 


78,100 


-1  -  +  0.03 


shown  in  Figure  24. 


1.1  x  68,730 
3.2.4  Load  Paths  of  Unsynunetrlcal  Airloads 
3. 2. 4.1  Loads  Normal  to  Centerline  of  Spike 

The  spike  geometry  and  lcad.3  normal  to  t)  center  are 


The  relation  of  cone  length  to  diameter  : 


fa  "  “ 


¥ul 

30*48 


1*31 


Although  data  are  not  availoble  for  val.u< 
1*31  (Reference  7,  Tables  I  and  II ),  it  is  conservative  to  use 
fn  -  3*0,  to  arrive  at  normal  force  derivatives  and  centers  of 
value  of  fa,  the  ratio  of  length  to  diameter  for  the  cylinder  c 
cone,  is  conservatively  assumed  to  be  ^ero. 


of  f  down  to 
le  shortest  cone 
:cssure.  The 
m stream  of  the 


■stem  mTPi  rim  iw/v 

iriTtrr  nurRnv  iiPT  rr  irn 
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From  Reference  7  (Table  X),  with  fn  =3.0  and  t 
the  change  In  normal  force  coefficient,  Cn,  with  angle  of  attack,  oC 
the  second  order  expansion  method,  is 


dC, 


doc! 


n  =  1.83  rad”1 


From  Table  II,  fn  »  3.0,  fa  =  0,  Xcp/d  =  2.00  ( 

order  expansion  method) .  This  places  Center  of  Pressure  at  2/3  the  d 
from  the  tip  to  the  base  of  the  fn  *=  3.0  cone. 


q>  is 


At  eea  level  and  Mach  3  conditions,  the  dynamic 
o=^PM?  lJtl 


2  o  o 


x  1I1.7  x  3.0*  *  93.^  f 


The  normal  force  on  the  cone  51  Cn  q  S  ,  whar 
cross-sectional  area  of  the  cone  base,  and  is  the  angle  of  attack 


Take  s  =  (Tf)  (30. 482)/  h  =  731  la.2 


Using  the  coefficient  Cn  of  the  preceding  page 
by  1.22  to  cover  discrepancies  that  may  exist  between  the  theoretical 
the  actual  spike,  the  normal  force  per  degree  angle  of  attack  is  esti 

%  =  1-25  x  1.83  x  93-4  x  731  x  -  2730  lbs/dee 

The  fore  and  aft  center-of -pres sure  location  fc 
will  be  taken  at  60  percent  of  the  distance  from  the  tip  to  the  base 
to  the  6?  percent  for  an  fn  =  3*0  cone. 

3. 2*4. 2  Cowl  and  Innerbody  Unsymmetrical  Loadings 

The  loads  of  Figure  22  appear  in  plan  view  in  F 
along  with  moment  load  calculations. 

Design  conditions  selected  (see  Figure  27)  are 
pitch  angle  of  attack  for  the  inlet  relative  to  entering  air  and  3,6° 
yaw  for  the  inlet  relative  to  entering  air. 
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using 
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>ressure , 


S  is  the 
1  radians. 


ilt  i  plied 
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e 


this  load 
compared 


. 

Tire  26 


>r  6° 
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*££  = 


37,600  (127.86  +  j>2 .60  +  39-06  -  10.4)  -  10,840  (127-86  +  So)  -  87,200 


127-86 

=  (7,500,000  -  1,740,000  -  87,200)  127.86  =  44,1*00  lbs. 


Shears,  raomentG,  and  torques  from  Y  direction  omponentc 
only  are  shown  in  Figure  28. 

The  torques  are  considered  as  reacted  by  the  t  ly  in  pro¬ 
portion  to  the  distance  from  the  centerline  to  the  fitting  squared  z  any  one 
station.  Such  reaction  distributions  ar$  tabulated  in  Table  XI. 

Shears,  moments,  and  torques  from  Z  direction  smponenta 
only  are  calculated  below,  and  the  results  are  shown  in  Figure  29* 

Distance  from  (A-A)  to  centroid  of  group  is 


y  Uhl  pp 

— g-  =  — —  =  -77*5  inches  *  centroid  P  of  ve  .leal 

reactions 


Leads  of  Figure  29  are  transposed  to  the  centi  Id  and  the 
moment  distributed  out  to  the  various  reaction  points  as 


mx ' 


Pz  “  where  minus  below  indicates  c  iprescion 

£(x-)  ^  joint 

£  (vertical  load)  -  62,800  -  l3,080  «  44,  >0  Ibr. 

£.  (moment  about  P)  «  62,800  (199-52  -  77-3  -  >.4) 

-  145,200  -  1.8, 080  (199-  ’  - 
77-3  -  39-06) 

£m  ^  +  7,020,000  -  145,200  -  1,502,000  =  5,  2,200  in- lb: 

P 

Load  at  any  station  (from  moment)  is  then 


p  -  ^72,200  £l_  „285x, 

18, 867 


The  calculation  for  this  lend  is  summarized  In  able  XII. 


SfeftEH?FSTRIPTfTi  DiWr 
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iirar, 


The  vertical  load  is  divided  equally  among  ■  2  six  sta¬ 


tions. 


To  determine  fore  and  aft  loads ,  the  structi  2  is  broken 


into  segments  and  the  radii  and  pressures  of  Figure  30  are  appliec  The  pres¬ 
sures  given  In  Figure  30  represent  the  symmetrical  portion  of  the  nsymmeti  lea?, 
load  system  used  for  analysis  of  the  cowl  lip. 


The  Inside  pressure  of  the  innerbody  is  tak«  aa  62  in¬ 


stead  of  110  to  obtain  conservative  panel  pressures.  The  pressure  calculations 
appear  in  Table  XIII* 


Spike  less  skirt: 

+TS40.  +  2400  -  3350  -  658O  =  +10  lbs 
Spike  including  skirt  attached  to  it: 

+10  -  4370  *  -4360  lbs 
Fixed  part  of  innerbody  complete: 

-3^00  -  28,100  -  36,600  -  36,300  *=  144,  >0  lbs 
Complete  innerbody,  including  spike: 

-144,400  -  4360  «■  148,760  lbs 
There  will  also  be  a  drag  on  the  wedge  struc  ire  between 


the  Inlet  and  the  vehicle.  The  half  angle  is  8°,  and  the  average  fight  is  3*0 
inches.  The  base  width  at  Section  A-A  of  Figure  l8  is  30  inches. 


From  Reference  8,  the  pressure  ratio  across  two-dimen¬ 


sional  shock  at  Mach  3«0  for  a  half  angle  of  8°  is  p/pQ  «  1.80,  sc  ,hat  at  sea 
level  conditions  the  pressure  behind  the  shock  is  1.B0  x  14.7  =  28  i  psia.  This 
pressure  is  considered  constant  from  the  entering  edge  back  to  Sec  on  A-A  (Fig¬ 
ure  18).  The  inside  pressure  will  be  considered  as  ambient,  14.7  iia,  for  the 


ure  18).  The  inside  pressure  will  be  considered  as  ambient,  14.7 
present  such  that  total  drag  for  the  wedge  structure  aft  to  Sectic. 


such  that  total  drag  for  the  wedge  structure  aft  to  Sectic.  A-A  becomes 


(30  in.  x  5  in.)  (26.5  -  14.7)  -  (250)  (11.8  »  2950  lbs 
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Axial  load  from  the  inlet  and  wedge  struc 

-  148,760  +  2950  =  -  145,810  lbs  (ac 

The  effect  of  inlet  forward  load  on  the  v 
at  the  inlet  vehicle  joint  is  now  considered.  The  analysis  is 
presented  in  Figure  29-  However,  in  this  case,  the  couple  whic 
tically  at  the  six  fittings,  results  from  axial  loading  on  the 
the  vertical  centerline  of  Section  E-K* 


ire  is  then: 
ng  forward) 

'tical  fitting 
.mllar  to  that 
io  reacted  ver- 
•ag  fitting  at 


below. 


Figure  $1  shows  the  fitting.  Calculatior  are  presented 

The  couple  resulting  from  forward  load  od  ho  inlot  is: 

I45i8l0  x  25.08  «  3,660,000  in. /lbs 

Point  P  is  the  centroid  of  the  vertical  r  .ctions  (Figure 
29  and  Tabic  XII )  that  must  resist  this  moment. 

The  load  at  any  station  due  to  the  applie  moment  ie  then 


This  example  is  evaluai  ed  in  Table  XIV. 

5*2. 4.5  Summary  Tables  of  Attachment  Reactions 

Following  the  nomenclature  of  Figure  l8, 
from  airloads  of  the  uncymmctrical  condition  are  listed  in  Tabl 

Loads  marked  with  nr,  asterisk  would  act  o 
tion  of  the  split  frame  at  Section  (a~A),  rather  than  directly 
(k)  and  (l) « 


e  reactions 
XV. 

the  aft  por- 
fitting  points 


5.2.5 


Strut 


The  forward  load  in  l48,Y60  ii)8  from  the 
diffuser  double  wall  for  a  normal  cruising  condition  (Page 


load  on  each  is; 


nerbody  to  the 

There  are  throe  struts  to  carry  this  shea  load,  so  the 


148,760 

5 


49,300  lbs 
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Radial  reactions  Induced  at  spar  stations  (E*  I  and  (F-F) 


*"  ^-D’020  1135  total  111  radif 

These  reactions  are  apportioned  "between  innej 
support  rings  in  inverse  proportion  to  the  ring  radii  cubed  for  pre 
sign  purposes  (see  Figure  32) .  NOTE:  Short  time  maneuver  loads  fa 
body  could  produce  loads  of 


direction 


ind  outer 
imin&ry  de- 
o  the  inner- 


-20k, HOP 

-TCT/rSo 

or  1,38  times  the  above  values  (see  Para,  $.2.5.2). 

$.2.5.1  Struts  (Normal  Symmetrical  Loads  Alone) 

Load  on  struts  from  supporting  rings  are  she*  in  Figure 


5$. 


2. 5. 2  Special  Load  Conditions  Wherein  Shock  Has  Mo\ 
From  Its  Normal  Location 


With  the  shock  moved  well  forward,  the  aft  lc 
spike  is  at  40,000  lbs.  Using  the  normal  cruising  pressures  for  tl 
tion  of  the  innerbody,  the  minimum  forward  load  of  the  entire  inner 
estimated  as  follows: 

Minimum  Forward  Load  «=  -148,760  +  4$6o  +  40, 000  =  -1C 

(Reference  Page 

With  the  shock  moved  well  aft,  the  spike  forw 
been  estimated  at  60,000  lbs.  Using  the  normal  cruising  pressures 
portion  of  the  ^.nnerbody,  the  maximum  forward  load  of  the  innerbody 
as  follows: 

Maximum  Forward  Load  =  -148,760  +  4$60  -  60,000  *  -204 
The  above  may  be  compared  with  the  normal  cru 

f  orward  load : 

Normal  Forward  Load  -  -l44,4GO  -  4$6o  *  -148,760  lbs  ( 

$.2.5.$  Loads  on  Strut  Spars  from  Unsymmetrical  Loads 
the  Centerline  ^ 

The  total  loads  from  the  spike  and  the  fixed 
the  innerbody,  as  shown  on  Figure  26,  are  the  resultant  loads  on  a 
3C°  58'  from  a  vertical  plane. 


I  Forward 
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000  lbs 
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X  -  Direction  Reaction  "R"  +  "S"  *  600,000  x  ~  +  -  l8f.10Q„(|  :2§) 

=  1*0,000  +  47,700  -  59,8C0  =  +27, 90C  .bs 
Load  "R"  =  Load  on  "S”  =  g7|9-—  =  13,950  lbs  Tension  on  Joint 

?.2.6  Innerbody  Ring  at  Section  (F-F) 

The  innerbody  rings,  the  diffuser  ring,  and  the  ifcruts 
form  a  redundant  system  of  load  paths  *  However,  a  simplified  and  cor  srvative 
set  of  loads  on  the  innerbody  ring  of  Section  (F-F)  has  been  employed  ,o  find 
the  maximum  bending  moment.  The  ring  is  subjected  to  both  transient  tort  time 
and  steady  state  long  time  loads. 

3*2.6. 1  Steady  State  Lon^  Time  Loads 

The  innerbody  forward  load  is  taken  as  -l48,j6C  .bs  (Fig¬ 
ures  32  and  33).  The  loads  normal  to  the  centerline  of  the  innerbody  ire  con¬ 
sidered  the  same  ao  those  for  the  1°  angle  of  attack  condition  which  :  ope 
sixth  of  those  in  Figure  J6. 


Steady  State  Flight  Condition  Ring  Moments  are 
in  Tabels  XVI  and  XVII. 

For  the  unsymmetrical  portion  of  moments,  PR  is 
10.79  **  40,500  (see  Figure  37).  Moments  for  symmetrical  portion  of  1 
carried  over  from  preceding  page, 

3. 2. 6. 2  Short  Time  Maneuver  Loads 

The  innerbody  forward  load  is  taken  as  -2O4,00C 
is  1.38  times  normal  thrust  (see  Figure  32  and  Paragraph  3 .2.2*2).  T 
then  appear  as  shewn  in  Figure  28. 

The  unsymmetrical  load  is  taken  ao  7/6  times  th 
load  shown  in  Figure  36. 

Ring  moments  from  short  time  maneuver  loads  are 
in  Table  XVIII,  and  ring  section  properties  are  calculated  in  Figure 

3.2. 6. 3  Stresses  and  Margins 

Using  the  ring  section  properties  and  the  two  b 
ing  condition  ring  moments  determined  in  the  previous  pages,  the  mrg 
safety  of  this  ring  are  calculated  as  follows  (Material  is  Rene'  4l) : 
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Steady  State  -  Long  Time  Loading: 

Free  Flange  ~  *3-5 > 250  psi  (C  ipression) 


I.B.  Skin  near  Flange  f.  =  ,~.2L110  B  +12,000  i  (Tension) 

bo  3.27 


It  is  proposed  to  maintain  a  10  percent  fety  factor  to 
material  yield  and  a  25  percent  safety  factor  to  structural  fa  ure.  The  yield 
allowable  is  taken  as  the  stress  level  to  force  a  yield  of  0.2  ercent  with  25- 
hour  exposure  at  UOO°F.  The  ultimate  allowable  5.6  taken  as  t  short  time  0.2 
percent  yield  stress  at  1100°P; 


MS  on  Yield 


MS  on  Failure 


-92,000 


1.10  (-15,250) 


1  =  mple 


-105,000 

1.25  (-15,250) 


•  1  *=  Ample 


Short  Time  Maneuver  Loading: 


Free  Flange  fV  »  —  *  x  -  51,800  poi  (Co  reeoion) 


I 


5.2? 


l.B.  Skin  near  Flange  fb  =  «  +1,0,800  i  (Tension) 


3-27 


It  ie  proposed  to  maintain  a  10  percent  fety  factor  to 
material  yield  and  a  25  percent  safety  factor  to  structural  fa  ure.  Short  time 
yield  is  employed  here  for  the  allowable,  because  buckling  cou  occur  when 
yielding  commences. 


M3  on  Yield 


-105,000 

1.10  (51,fl00) 


1  a  .85 


MS  Against  Failure  = 


-105,000 

1.25  (51,800) 


+0.62 
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3.2.7  Innerbody  Skin 

At  Section  (F-F)  of  Figure  26,  the  following  re  the 
loads  acrcss  the  section: 

Shear  forward  of  section:  21,090  lbs  (transv  se) 

Moment  at  section:  169,1+00  in. -lbs 

Shear  aft  of  section:  169,1+00/32.6  ---  3,200  1  (trans¬ 
verse) 

Normal  shear  flow  to  each  longeron  from  inne  ody  thrust 
is  1+9,500/32.6  r  1520  Ibs/in.  (see  Figure  32). 

Normal  shear  flow  to  each  longeron  from  shor  time  thrust 
with  shock  in  abnormal  position  on  the  spike  is  I.3O  x  1J20  ^  2100  be /in.  (see 
Figure  37)- 

Shear  buckling  forv/ard  of  Section  (F-F)  : 

Panel  width,  5-00  inches;  radius,  12.5  inche 
t,  0.125  in. 

Maximum  shear  on  side 

v  21,090 


*  1+300  pel 


fTRt  ~  Tfx  12.5  x  0.125 
To  estimate  ^itical  shear  buckling,  see  Ref«  ence  10. 


1  +  0.8  (£) 


0-75 


|(0.10  E-jj)  +  5  E  (|) 
j(0.10  x  22.5  x  106  x  +  5  x  22  x  106  (^^)2  1  +  0  (^)2] 


fO-75 


(22,500)  +  3980 


15*1 


>  0.75  -  62,000  ns  I 


The  margin  of  safety  against  shear  buckling  :  adequate. 
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3-  2. 7.1  Collapse  of  Sic  In  between  Frame  Supporst  . 

Section * ( F-F) 

Normal  pressures  are  311  pel  outside  and 
(Figure  30) .  However,  to  account  for  possible  higher  values  a 
duced  by  angles  of  attack  and  yaw,  a  maximum  outside  pressure 
62  psia  inside  will  he  employed  here.  Therefore,  AP  *■  338 
ence  11,  Page  30^,-  Table  XVI,  Cond,  Q,  Support  3l)j 


p'  «  pressure  of  collapse  from  external 


O.807 


Et 

lr 


1  ?  +2 
( - i - )  JL 

1  -  r2 


1/4 


48 


It  is  proposed  to  maintain  a  safety  fact 
on  the  peak  short  time  operating  pressure: 


MS 


483 

1.10  x  358 


1  =  K).30 


3 *2*7-2  Shear  Buc Iking  of  Skins  between  Sections 

Loading  (short  time  ms-Ximum)  from  Paragrj 
2100  lb/in.  to  allow  for  uneven  distributions  plus  shear  from  * 
(skin  shear  to  each  side  of  strut  is  taken  at  75  percent,  or  0 
157?  lb/in.  To  estimate  critical  shear  buckling  stress  as  in  3 
(except  frame  spacing  is  7*7  and  R  is  11.50  in.): 


T 

o 


(0.10  E  |>  +  5B  (i)2 


r 

l1 


(£: 


-  39,000  pel 

Since  it  is  proponed  to  maintain  a  aafet; 
percent  for  tills  short  time  buckling  shear  ctrecfl,  the  margin  < 


37,000  _  x_  37,000  _  1  _  f 

uox(i2I?T)  "12,860 
v0.125 


s 

u 

3 


HKMT- 


3t  Forward  of 


2  psi  inside 
pressure  intro- 
400  psia  with 
i  (see  Refer¬ 


ee  sure 


peia 


of  10  percent 


*'-F)  and  (E-s) 

a  3*2,7  Is 
meverse  shear 
3  x  2100  = 
ra^raph  3*2*7 


factor  of  10 
safety  is: 


ile 


■SECRMttrf?  I  CUD 

r,,rn...  .nr-  ■  ■  n  ■  I 


DECLASSIFIED  IN  FULL 
Authority:  EO 13523 

Chief,  T  - 

»:  OCT  0  2  2015 


ASD-TOR-63-277,  Vol .  IV 


I 


6003 


3. 2-7 *2  Collapse  of  Skin  Between  Frame  Supports  Aft  oj  Section 

EEST  ~ 

Design  pressure,  with  some  allowance  for  asymr  .ry  at 
angles  of  attack,  is  taken  as 


1.15  x  311  =  358 


A  P  *  358  -  62  -  296  psi 


p»  *  a  0.807  X  HfL2  X.  1,°. 

7.7  X  11,5 


/  1  y>  O.lgg2 

'  o '  p 

1  -  0.3  11.5 


1/1 


-•  }4l  po  1 


failure  is  10  percent- 


Proposed  extra  margin  between  operating  load  1  t  buckling 


MS 


341 


1.10  x  296 


-1  =  +  0.05 


3*£.7. 4  Innerbody  Intermediate  Frames 

Aft  of  Section  (F-F)  of  Figure  19  j  the  panel  £  icing  is 
7.7  inches.  Maximum  differential  pressure  is  358  ~  62  =  296  psi.  I  iding  on 
one  ring  per  inch  of  its  circumference  is  296  x  7.7  «  2280  lbs  per  i  :b.  The 
elastic  stability  capacity  of  the  ring  is  computed  following  Refer er  ;  11,  Page 
295*  Table  XV,  Case  12.  The  section  properties  appear  in  Figure  *|Q. 


3  El  3  x  22.5  x  106  x  0.0817  ,, 

=  ~~  =  - - - - t  b  38IO  lbs  per  ir  1 

Tr  11.28? 


It  is  proposed  to  keep  a  25  percent  extra  fact  ■  against 
such  a  collapse;  therefore, 


MS  - 


5810 


1.25  x  2280 


-1  *  +  Q.31! 


■"■Reference  5,  Page  306,  Table  XVI,  Cond.  Q,  Support  31 
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3- P.8 


Thniet  Fitting 


maximum  forward  load  c ondltion1  of ^h^InnirhST3  °n  thls  pl  occur  at  the 

lbs)  and  the  lateral  load  of  the  yS  oSSS^^rfof^;2/.  2 

vill  alao  be  a  vedge  drag  of  2950  Iba.  °  "PigUie  tbs).  There 


ing  and  8hear„ 


Total  load  =  -204,400  +  2950  =  -201,450  1 

At  Sect! cm  (A-A)  through. the  pin  there  vi  he  both  bend- 

Bending  1b 

206,000  lbs  x  0.70  inches  »  1^4,000  -lba 
Section  (A-A)  Moment  of  Inertia  is 


Tf'D*  _  7fx  2.75^  ^  ». 

64  64  “  8,82  11101,65 


fv_  Me  1*^000  x  1  .375 

h  _  **  - - — — 

1  2.82 


70,200  p 


f  ,,  _S  206,000  x  4 

s(av)  A  V,  2.752  "  34,700  pi 


Material:  Hene*  4l 

Short  time  0*2  percent  yield  at  1100’F  is 
105,000  psi 

Short  time  ultimate  s tress  at  1100CF  i3 
02,000  psi 
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Long  time  (10  hours)  0.2  percent  yield  at  HOC  f  is 
92,000  psi 

MS  ( ehort  time  yield)  =  - ^°.,^Q0Q -  -  1  =  +0.^6 

1.10  x  70,200 


MS  (short  time  ultimate)  =  ...  ffi*000 - i  ^ 

Is  25  x  70,200 


MS  (long  time  yield)  » 


92,000 


1  *  -f  68 


1.10  x  70,200  x  rlilS/800)* 
206, 000; 
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4.0  SUBSONIC  DIFFUSER  AND  REACTOR  CONTRC 
SUPPORT  STRUCTURE 

4.1  Design 

4.1.1  Dlacugalon 

For  purposes  of  this  re port ,  the  subsonic 
fined  as  that  part  of  the  propulsion  system  between  Fuselage  St 
1  and  9.)  and  the  front  face  of  the  reactor.  The  reactor  contrc 
ture  is  defined  as  the  components  Vi thin  the  subsonic  diffuser 
mechanical  linkage  between  the  reactor  control  rods  and  the  act 
the  structure  needed  to  support  this  linkage  and  the  reds. 

Dasign  of  the  subsonic  diffuser,  which  (f 
view  of  the  propulsion  system)  is  a  pressure  duct,  is  limited  t 
dynamic  lines.  These  lines  are  defined  to  permit  optimum  perfc 
propulsion  system  with  the  smallest  possible  duct  size.  Mechar 
tural  design  of  the  duct  is  the  responsibility  of  the  airframe 
asmuch  as  the  duct  is  an  integral  part  of  the  airframe. 

The  design  of  the  reactor  control  rod  act 
ated  linkage,  and  support  structure  is  a  more  complex  problem  f 
manufacturer  than  is  the  subsonic  diffuser.  For  the  former,  it 
obtain  requirements  from  the  reactor  company,  geometric  and  env 
tat  ions  from  the  airframe  company,  and  inputs  from  the  propulsi 
trols  group,  and  to  integrate  all  these  Into  a  well-deBigned  st 

Listed  below  are  the  factors  that  have  be 

this  design; 

1*  Stroke:  approximately  40  inches 

2.  Temperature;  1070°-1200°F 

3.  Rate  of  travel;  Full  stroke  in  0*75 

■4.  Minimum  passage  blockage 

5-  Maximum  axial  g  load:  25  g 

6.  Maximum  radial  g  load:  4.5-0.256 

7.  Accessibility 

8.  Friction  load  between  control  rods  a 

9.  Air  drag  loads  in  rods 

10.  Air  drag  loads  in  the  support  mechan 
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11.  Limiting  deflections  of  supports,  rods, 

12*  Vibration  of  supports  and  control  rods  0 
D.A.  Frequency,  0-3000  cps 

13*  Reliability 

l4.‘  Bumber,  types,  and  position  of  control  r 
12  shim  and  2  vernier 

In  designing  this  portion  of  the  system  sever, 
have  been  studied*  The  design  as  shown  in  Figure  2  has  been  cons  id 
promising  from  the  point  of  view  that  it  presents  the  smallest  bloc 
diffuser  and  provides  the  best  accessibility  to  the  actuator. 

In  the  matter  of  mechanical  and  structural  fu: 
air  motor,  gear  box,  and  control  valve  are  positioned  on  the  outsia* 
of  the  duct  to  afford  greater  accessibility  for  maintenance  and  to 
blockage  in  the  duct* 

A  rack  and  pinion  type  drive  unit  is  located  • 
support  strut*  The  unit  is  driven  by  the  motor  through  a  shaft  t ha- 
inside  the  strut*  The  rack  is  attached  to  a  spider  fitting,  which  ; 
four  control  rods  from  the  reactor,  at  the  downstream  end  of  the  ra- 
taehment  of  the  control  rod  to  the  spider  fitting  may  be  either  fix* 
quick-disc  orrnect  type  with  manual  or  remote  handling  features.  Mov* 
rack  translates  the  spider  fitting  along  a  guide  shaft  that  5s  supp 
tween  the  main  support  and  the  aft  support.-.  The  guide  shaft  also  a< 
housing  fof  the  feedback  transducer,  which  is  geared  down  and  opera- 
main  rack.  When  moving  upstream,  the  rack  is  housed  and  guided  in  i 
is  supported  between  the  main  support  and  the  forward  support. 

Figure  2  does  not  reflect  any  method  of  attacJ 
tween  the  supports  and  the  duct.  Because  of  differential  thermal  c: 
these  points  will,  of  necessity,  be  a  slip-fit  type  of  connection. 

A  detailed  design  study  and  subsequent  struct! 
sia  of  this  area  must  be  accomplished  before  a  final  decis5on  can  be 
the  best  system.  However,  before  this  study  can  be  accomplished  an 
trol  system  study  must  be  made  that  will  more  accruately  define  the 
of  this  structure. 

4.1.2  Weights  and  Centers  of  Gravity 

Weights  and  centers  of  gravity  for  the  reactor 
rod  support  structure  and  actuation  mechanism  are  ahown  in  Table  XI) 


4.2 


Preliminary  Analysis  of  Control  Hod  Support  Structure 

4.2,1  Loads 

Weight  of  control  rod  «  3*7  lbs 
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Weight  of  rack  (estimated)  ^  1  in.2  x  50 
density  =  1.5  lbs 

Weight  of  spider  fitting  (estimated)  =  1 
Estimated  average  thickness  «  5  inches 
Weight  ■£'15-6  x  5  x  0.5  s  12.25  lbs 

4.2. 1.1  Aerodynamic  Drag  Load  Per  Strut  =  422  lb 

Total  load  per  strut  (inertia)  »  (4)  (5« 

50  lbs 

4. 2. 1.2  Strut  Design  Load 

Load  at  the  6g  boost  condition  =  (6)  (5) 

The  twelve  coarse  control  rods  are  actua 
four  and  are  reacted  by  three  struts  as  shown  in  Figure  42.  T 
mal  expansion;  the  struts  are  fixed  at  the  center  and  have  a  s 
the  duct  wall. 

P1  -  pa  -  p3 

R1  r2  -  h 

Assume  struts  fixeu  a 


Duct 

Wall 


Moment 


Assume  only  shear  loa 
Rf;  Rg,  at  the  due 

P1  ”  K1  etc 
T1  «  722  lbs 


722  (24  -  65)  =  12,620  in-lbs  (max) 

According  to  Reference  5  and  Figure  45 : 

I  ctl^ 
xx 

C  -  t  (-) 

1  D1 

D-  *  1,50  -  0.05  -  1.45 


5.20  x 

=  I ^5  ”3.58 


'smzumvuaiQMiA 


— £221 


n.  long  x  0.5 


6  in.2  blockage 


+  15  +  12*25  - 


422  *  722  lbs 

d  in  groups  of 
allow  for  ther- 
dlng  support  at 


centerline. 

carried  thru 
wall 


I 
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^  =  o.eo 

Yx  -  49.095&  Lx 

I  =  (0.2)  (0.05)  (5.20)5  =  1.1*08  m. 

Yx  =  (0.4909)  (5.20)  =  2.55 
c  »  2.55  +  0.025  =  2.58 

fb  -  (12,620)(2.58)/1.1*08  =  25,200  pa 
fbT  =  (l2,620)(2.67)/l.408  «  24,000  ps 


then: 


Using  19-9  DX  material  and  aBsuming  that  buc 


4,2.2 


Fn  -  57,000  psi  at  1200°P 

PTu  -  75,000  psi  at,  1200 "P 

E  =  22  x  106  at  1200 °F 

MS  =  (57,000/24,000)  -1  =  +  0.54  tens! 


Deflection  Cheek  of  Strut 


=  P.j,  =  722  lbs 

l  -  8* 

a  =  6.5 
I  =  1.408 
E  =  22  x  106 


*1.2 .2*1  Deflection  at  PT  A  Due  to  B 


H.2.2.2  Deflection  at  PT  A  Due  to 


yi 


5ST 


(3  • 


a3) 


IffCB  ^4)03 


compression 

tension 

ing  is  not 
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4.2.S.J  Total  Deflection  at  JT  A  =  -  y2 

Vl  ‘  yS  =  6BI  (S ^  '  3  ^  /  +  a3) 


722 _ 

(6)(22)(10)6  l.t(0fi 


(2)(21»)3  -  (3H6.5)2  (alt) 


yx  “  e  0,097  in#  a  Max  Deflection 
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5.0  REACTOR  SUPPORT  SYSTEM 


Side  Support  System  Design 
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During  FY  1962  attention  has  been  centered  on  the  minim;  at ion  of 
the  lateral  support  annulus  dimension  in  the  interest  of  increasing  i  e  aerody- 
namic  performance  of  the  overall  Pluto  system. 

The  analytic  optimization  of  the  lateral  support  annului  is  based 
on  an  assumed  dynamic  model  (see  Section  5*2-2)  and  consists  of  the  <  timiza- 
tion  of  botl  the  radial  spring  rate  and  the  support  spring  configurai  cn-  The 
spring  rate  is  optimized  to  give  a  minimum  required  energy  storage  ii  the  sys¬ 
tem  for  the  specified  design  criteria.  The  spring  configuration  was  elected 
to  achieve  a  maximum  of  strain  energy  storage  in  the  spring  for  a  mil  mum  volume 
of  spring  material,  A  detailed  description  of  this  work  may  bo  foun<  in  Section 
5,20. 

The  nuclear  reactor  core  and  its  reflectors  consist  of  1  assembly 
of  approximately  450,000  hexagonal  ceramic  tubes  measuring  0.297  inc}  s  across 
the  flats  and  2.0  to  4.0  inches  in  length.  The  tubes  are  stacked  one  to  end  to 
form  continuous  tubes  approximately  62.0  inches  in  length, and  these  turn  are 
assembled  side  to  side  to  form  a  right  circular  cylinder  53*25  inches  in  diam- 
.,eter.  The  reactor  cylinder  is  aligned  axially  in  the  airframe  duct. 

The  core  assembly  is  clamped  into  the  desired  cylindric*  shape 
and  is  supported  to  the  airframe  by  the  lateral  support  system.  The  resent 
design  concept  consists  of  a  series  of  close  fitting,  curved  pressure  pads, 
which  form  an  expandable  shell  around  trie  core.  They  are  compressed  gainst 
the  core  by  radially  orientated  springs,  which  in  turn  bear  against  1  monolith¬ 
ic  cylindrical  shell  that  encloses  the  entire  core,  pressure  pad,  anc  spring 
assembly. 

The  pressure  pads  are  supported  in  radial  planes  by  the  prings 
and  in  tangential  and  meridional  directions  by  radially  oriented  pin-  nd-cocket 
connections  to  the  pressure  shell. 

The  pressure  shell,  •*:  i  urn  ic  supported  tangentially  b;,  means  of 
a  longitudinal  tongue  and  groove  rail  system,  which  allows  radiul  gn  th  cf  the 
shell  with  relation  to  the  airframe. 

The  reactor  tube  matrix  and  spring  support  system  are  es  ^ntially 
a  spring  mass  system,  which  is  sensitive  to  vibration  loading.  The  s  ring  sys- 
+  must  be  so  designed  that  response  of  the  reactor  to  vibration  lor,  3  from 
the  airframe  will  not  be  excessive. 

Weights  and  centers  of  gravity  are  shown  in  Table  XX. 

5-1*1  Side  Support  System  Function  ^ 


The  reactor  lateral  support  structure  must  be  c 
(l)  insuring  an  adequate  clamping  pressure  on  the  reactor  matrix,  (2) 
dating  severe  relative  thermal  expansion  between  the  matrix  and  the  c 
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shelly  (3)  limiting  the  transverse  deflection  of  the  core  from  inert': 
bration  loads,  and  (4)  permitting  the  reactor  to  be  handled  as  a  com] 
bly. 

A  compressive  force  must  be  exerted  on  the  tub* 
all  times  to  prevent  excessive  distortion  of  the  tube  bundle  or  grosi 
tion  of  tubes.  The  necessity  for  this  compressive  force  arises  from 
tural  and  aerodynamic  considerations.  Separation  induces  adverse  loi 
the  support  system;  and  tube  misalignment ,  with  resulting  flow  bLocki 
be  caused  by  both  distortion  and  separation. 

A  severe  differential  thermal  expansion  exists 
the  reactor  and  the  surrounding  structure;  i.e*,  the  reactor,  at  250( 
mally  expands  into  its  supporting  shell,  which  is  at  approximately  II 

The  side  support  system  must  furnish  adequate  \ 
the  reactor  when  it  is  subjected  to  lateral  inertia  loads.  The  reac" 
support  springs,  being  essentially  a  spring-mass  system,  are  sensiti^ 
tion  loads.  The  support  system  must  prevent  the  occurrence  of  excesj 
response  from  this  type  of  loads  input. 

The  system  should  be  designed  in  a  way  that  pe: 
handling  of  the  reactor  as  an  entity.  Such  a  design  will  ease  groun< 
and  reactor-vehicle  assembly  problems. 

The  above  requirements  must  be  met  while  raaint* 
structural  integrity  of  the  ceramic  tubes.  In  addition,  the  structu: 
side  support  system  should  be  contained  in  as  small  an  annulus  as  poi 
thereby  assuring  as  high  a  degree  of  performance  as  possible  for  the 
vehicle  system. 

3.1.2  Side  Support  Annulus  Thickness  to  Vehicle  Drag 

Since  the  drag  of  the  vehicle  is  approximately 
al  to  the  cross  sectional  area,  a  l/8-inch  reduction  in  radius  will  i 
1  percent  reduction  in  drag;  i*e.,  reducing  the  side  support  annulus 
to  L.O  inches  will  result  in  a  4  percent  reduction  in  vehicle  drag, 
side  ring  the  low  thrust-to-drag  margins  associated  with  nuclear  ramj« 
imatcly  10  percent),  it  is  extremely  important  to  minimize  the  side  f 
rlulus  dimension. 

5.1.3  Reduction  in  Annulus  Width 

Considerable  effort  was  expended  in  1962  to  mil 
annulus  width,  pointing  toward  a  target  of  1.0  inches.  The  results  1 
t rated  in  Figure  44,  which  depicts  the  reduction  in  annulus  width  vs 
the  years  1961  end  1962.  The  reduction  was  achieved  through  optimize 
the  spring  rule  and  the  spring  used  in  the  side  support  system,  Seci 
contains  a  detailed  description  of  this  work. 
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5.1.4  Design  Side  Support  System 

flbe  resulting  side  support  system  ie  show) 
c) ,  Figure  45*  The  system  consists  of  four  main  components:  sp) 
pad,  (expansion  pad)  radial  spring,  pressure  shell,  and  the  eupj 

The  spring  pressure  pad  transmits  radial  ' 
the  reactor  and  the  spring  system.  It  aids  in  distributing  the 
spring  loads  into  the  radial  reflector.  It  also  carries  tangem 
due  to  friction  between  the  pad  and  reactor,  into  the  support  ri 

The  spring  provides  a  compressive  load  du. 
dling  and  flight,  contains  reactor  thermal  and  inertial  movemeni 
fers  resulting  loads  to  the  spring  pressure  shell. 

The  spring  pressure  shell  reacts  the  theri 
loads  and  shears  the  reactor  inertia  loads  to  the  support  rails - 
also  helps  Isolate  reactor  axial  movements  from  those  of  the  aii 
isolation  is  accomplished  by  slicing  the  shell  into  short  axial 
that  a  minimum  of  the  friction  load  resulting  from  reactor  movet 
transferred  to  the  airframe  structure.  The  support  rails  tranei 
ertia  loads  from  the  spring  pressure  shell  to  the  structure  of  t 

5.1*5  Operating  and  Installation  Requirements 

Assumed  criteria  are  outlined  for  the  sid' 
tern  using  either  tangentially  or  radially  oriented  springs.  Fi* 
show  temperatures  assumed  for  structural  analysis.  Table  XXI  pi 
ativc  differential  thermal  expansion  that  occurs  during  the  sysl 
Table  XXII  summarizes  the  thermal  and  inertial  conditions  used  1 
ys is.  In  addition  to  the  above,  the  following  general  criteria 
met# 

1.  Maximum  permitted  reactor  lateral  del 
0.100  Inches.  This  requirement  arise 
siderationn  of  tie  rod-to-core  inter! 

2.  No  finite  separation  between  the  rear 
the  support  system  is  permitted  for  £ 
condition;  i.e.,  the  support  system  n 
main  in  contact  with  the  reflector  at 

5. 1.5*1  Assumptions 

1.  The  structural  shell  surrounding  the 
mains  circular# 

2.  Tho  tube  matrix  behaves  ao  a  rigid  c> 

The  side  sujjport  structure  can  he  int 
a  single  obis  tic  constant  or  spring  r 
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5.2 


Side  Support  System  Analysis 

5«2»1  Nomenclature 

A  ■  Amplification  factor  (dynamic  deflect io 
deflection) 

Pq  =  Magnitude  of  driving  load  (lbs/ina 

n  =  Inertia  load  factor  (g) 

W  »  Reactor  weight  (185  lbs/ina) 

Vz  -  Apparent  load  on  springs  (lbs/ina) 

P  ®  Friction  damping  load  (lbs/ina) 

U  ~  Reflector — support  system  interface  fri 
coefficient 

R  »  Outer  radius  of  reflector  (in.) 

pQ  =s  f-  Reac  tor  pr e  load  pre  b  b  ure  ( ps  1 ) 

Ap <  -  Change  in  reactor  pressure  due  to  diffe 

T  thermal  expansion  (psi) 

Apj  -  Change  in  reactor  maximum  pressure  due 
inertia  load  (p?i) 


■5€6R€T^ 

dTnina"CTguw 


Only  the  translational  mode  of  the  reactor 
interest. 


a  of 


Only  friction- induced  Blip  damping  is  pres  t. 

k 


The  dynamic  input  is  a  sinusoidal,  urdampe 
motion  with  a  frequency  of  9-5  cps  and  a  p 
load  of  7g  (flee  Note  l) . 


Average  coefficient  of  friction  on  the  ref 
support  system  interface  is  equal  to  0.30. 


Note  1.  The  major  vibration  loads  input  to  the 
system  occur  as  a  result  of  fuselage  response,  during  the  low  altitud 
phase  of  flight  to  free  flight  conditions.  These  conditions  are  terr 
ance,  atmospheric  gusts,  and  stores  ejection.  Fuselage  response  to  t 
avoidance  is  an  approximate  sinusoidal  low  frequency  motion.  That  du 
ejection  is  sinusoidal  but  highly  damped  (5-Becond  duration),  while  t 
put  is  random.  These  three  fuselage  responses  combine  Into  a  7g  peak 
discrete  frequency.  The  input  used  in  analysiB  is  conservatively  sbb 
a  Tg  psak,  sinusoidal,  steady  state  vibration,  occurring  at  the  9«5-c 
frequency. 
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p6  =  Static  reactor  pressure  after  diff< 
thermal  expansion  (pel) 

M*  =  Differential  thermal  expansion  {in 
Reactor  deflection  from  inertia  lot 
Reactor  dynamic  and  static  pressur* 
Driving  frequency  (cps) 

Resonant  frequency  of  reactor  sprj: 
system  (cps) 

Gravity  constant  (386.4  in/sec^) 

Support  system  integrated  spring  r> 
(lbs/ina/lnr) 

Support  system  radial  spring  rate  i 

Spring  material  elastic  moduli  (ps 

Maximum  tensile  load  in  tangential 
systems  (lbs/inra) 

Circumferential  spring  rate  (lbs/ii 

Volume  of  spring  element  (in^) 

Spring  element  length  (in) 

Ratio  of  distance  from  end  of  eprf 
point  to  spring  length 

Number  of  springs  in  parallel 

Number  of  springs  in  series 

Surface  efficiency  of  the  spring 

Allowable  stress  of  the  spring  mate 

Ratio  of  end  thickness  to  center  t) 
the  spring 


1 

J3 


b 


V  - 


Structural  efficiency  of  the  sprin< 
Subscripts 
r  «  Radial 

z  *=  Transverse 

a  tz  Axial 
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o  -  Initial  or  preload  conditions 

c  =  circumferential  direction 

Superscripts 

c  -  low  altitude  cruise  conditions 

b  **  boost-tranBition  conditions 

5.2*2  Dynamics  Model  and  Optimum  Spring  Rate 
5. 2. 2.1  Dynamics  Me del 

A  dynamic  analysis  of  the  reactor  and  support  6 
based  on  an  idealized  fluid  cylirxier  vibrating  in  an  elastic  medium, 
4,  has  shewn  that  appreciable  excitation  of  distortjonal  inodes  of  the 
trix  is  unlikely  in  the  frequency  range  of  interest  ( 5-50  cps)  .  Howe 
frequency  resonance  could  exist  corresponding  to  the  rigid-body  trans 
mode  of  the  matrix*  This  mode  occurs  at  the  Bystem  fundamental  frequ 
is  determined  by  the  mass  of  the  reactor  and  the  spring  constant  of  t 
support  structure. 


The  result  of  the  above  dynamic  analysis  and  co 
of  the  inertia  load  inputs  suggests  a  simple  dynamics  model  on  which 
inary  dynamic  analysis  of  various  lateral  support  structure  configure 
be  based*  The  model  is  a  single-degree- of- freedom,  slip-damped  syete 

The  radial  and  tangential  configurations  ore  sh 
matically  in  Figure  48*  Figure  49  shows  the  idealized  dynamics  mcdel 
planatory  details* 


Load  on  the  reactor  mass  is 


V  «  A  n  W 
z 


The  solution  to  the  amplification  factor,  A,  is 
known.  Reference  12,  page  437  gives 


A  e  ■ 
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So 


The  above  equation  for  amplification  facte 
approximate  solution  of  the  model.  A  plot  of  the  exact  solutior 
with  f/f0  as  a  parameter,  may  be  found  on  page  438  of  Reference 

The  assumption  that  the  tube  matrix  reflec 
cylinder  permits  the  solution  of  the  reactor  pressure  distribute 
ic  balance  of  the  load.  A  deflection  of  the  cylindrical  matrix 
(see  Figure  50)  results  in  a  distribution  of  deflection  given  bj 


A  § Q  =  ASj  cos  e 

A  Pe  =  Apj  cos  9 

A  Pj  =■  kr  ASr 

A§^  defined  in  Figure  50 
The  differential  f orce  dV^  along  the  axis  c 

dv  *  A  pT  R  cos2  9  d  e 


where 


is  given  by 


Summing  this  force  over  the  periphery  gives 


off '  p  , 

v  =  /  Z\pt  R  cos  e  d  e  =  7Tr 

Z  O  1 
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The  integrated  opring  rate,  Kj.,  follows  from  thi£ 
V. 


K. 


Ag3 


TT  R  k 


(10) 


The  friction  force  is  derived  in  a  Bimilar  manner  The 
incremental  friction  force  opposing  the  inertia  force  is 


oLF  =  U  ps  sin2  8  4  9 


Integration  over  the  periphery  gives 


(n) 


27T  *  ,, 

I  W  p  R  sin2  ©  d  9  =  4  u  R 

0  ^  B 


(12) 


5. 2. 2*2  Optimum  Spring  Rate 

For  the  spring  configurations  suitable  for  the  le  *ral 
support  structure  the  volume  of  material  required  is  directly  proportic  il  to 
the  maximum  value  of  elastic  strain  energy  that  the  springs  must  absorb  For 
a  spring  with  the  following  characteristic 


the  energy  stored  is 


we2'^/2PmSr=1/2Pm2/Kr 


(13) 


*[ 


Thus »  the  volume  of  spring  material  required  is  p  -por¬ 
tions!  to  the  parameter  pm2/ kr.  Since  the  springs  constitute  an  apprec  ble 
portion  of  tho  side  support  structure,  and  since  the  volume  of  the  rema  ,lng 
structural  material  is  approximately  proportional  to  the  maximum  spring  ond, 
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the  least  maximum  value  of  p^/X^,  will  also  result  in  very  m 
size  of  the  entire  support  structure.  The  design  procedure  c 
“based  on  this  criterion. 

The  objective  of  the  design  is  to  limi' 
reactor  inertial  deflection  {  A  f  _)  to  a  given  magnitude  by  i 
parameters  that  will  result  in  the  least  value  of  p^/xr.  T1 
a  given  spring  rate  the  static  pressure  ps,  which  is 

pe  =  p0  +  A  r^. 


is  adjusted  so  that  the  friction  damping  force  is  of  suffiei* 
reactor  deflection  to  0.10  inches.  By  following  the  above  p] 
ent  spring  rates  (kr),  &  minimum  value  of  Pm^Ar  is  found.  9 
associated  with  reactors  may  be  used  for  design.  The  result* 
2ation  procedure,  for  the  design  criteria  used,  are  presentee 
This  indicates  that  the  optimum^spring  rates  are  181  psi/in>3 
terns)  and  11*0,000  Ibs/in.a/in.c  (for  tangential  systems).  0 
respond  to  criteria  based  on  the  boost-transition  design  cone 
portion  of  each  curve  results  from  the  satisfaction  of  the  se 
ment  (Paragraph  5. 1-5*3)  at  initial  boost  condition. 


5-2.3  Structural 

5-2.3-1  Spring  Material  Optimization 

In  the  previpus  section,  the  spring  rat 
suiting  in  a  minimum  radial  dimension  for  the  side  support  st 
spring  that  furnishes  this  rate  must  be  as  efficient  as  possj 
tional  dimensional  losses  are  minimized. 

The  strain  energy  capability  of  the  spi 


where 

cr  °  bending  stress 

CT~  =  maximum  allowable  stress 


*  This  spring  rate  corresponds  to  197  psi/lnch  in  terms  of  an 
spring  rate. 
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This  may  also  be  expressed  by 


<£<Td [ 

SE 


where 


P  - 


/  ^)2 

;V 


d  V 


in  which  ^  1b  called  the  structural  efficiency  of  the  spring.  It  ma; 
that  If  CT is  equal  to  CT m  throughout  the  spring  material,  then  100  ; 
efficiency  is  realized.  For  bending  beams,  which  have  good  spatial  e: 
tto  maximum  efficiency  is  realized  when  the  stress  distribution  over  * 
of  the  beam  is  constant.  This  stress  distribution  is  approximately  rt 
a  two-point  loaded  beam  with  tapered  ends: 


The  moment  distribution  is 


with  the  resulting  stress  distribution  as 

<r 
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The  thickness  variation,  which  results 
stress  case,  is  actually  parabolic.  However,  a  parabolic  tap 
achieve  practically  in  thin  sheet,  so  a  linear  taper  is  used 
Using  Equation  1 6,  the  volume  of  the  spring  material  may  be  e 


E  X 


<r. 


Pm2Ar 


since  Vf  is  proportional  to  p  2/kr*  The  parameter  7^  is  the  s’ 
of  the  spring;  i.q.,  the  spring  reacts  a  load  of  /p/7]  .  Th 
spring  is 

V0  *01  (to  +  tx)  +  t0  1(1  -  e,8 

The  structural  efficiency  la  evaluated  from  the  integral  in  E- 


where 


V* 


D  = 


_1_  1  -  2  /#  ( 1  -  D) 

3  1  -  /S  (1  -  b) 


(1  -  b)5 


[-  Jin  b  -  — -  (1-b 


With  Equations  l8,  19,  and  20,  the  required  total  spring  thicl 


t  = 


Pm 


T{  <rm 2  *r  yjT-Jii- 

The  spring  length,  JL  ,  may  be  determined  from  the  spring  rate 
spring  beam  dimensions,  and  is 

n  f  T(  n„  01  1/2 

«  r.  ^  *  p  m  >|  ' 


np  na  3y£p, 


Thus,  for  given  values  of  the  parameters 
thickness  of  material  required  and  its  associated  length  can  1 
Equations  22  and  23* 

The  above  design  procedure  was  carried  c 
in  the  spring  presented  in  Figure  45.  The  spring  has  the  foil 
tions : 
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Radial  free  height  =  0.857  inches 
Radial  installed  height  *  0.807  inches 
Spring  length  «=  h-. 450  inches 
Distance  to  load  point  =  1*556  inches 
Element  maximum  thickness  -  0.092  inches 
End  thickness  (linear  taper)  =  0.046  inches 
Spring  rate  «  188  pa i/in. r  (cold) 

Spring  rate  -  l8l  pai/in.r  (580°) 

Spring  rate  *  150  psi/in.r  (1400°) 

Maximum  stress  =  109  ksi  (boost-transition) 


Steady  state  stress  =  57*3  ksi  (cruise) 
Maximum  reactor  pressure  «  70.7  psi  (boost-ti 
Steady  state  reactor  pressure  =>  25.8  psi  (ert 
Preload  reactor  pressure  ^9*4  psi  (cold) 
Preload  spring  deflection  =  0.050  inches 
5 *2. 3. 2  Component  Analysis 
5*2.5 *2.1  3prlng  Pressure  Shell 

Although  it  is  desirable  to  hold  this  shell 
imum  thickness  possible,  the  redundancy  of  the  shell  geometry  makee 
cult  to  achieve  analytically.  The  following  analysis  conservative! 
that  each  circumferential  web  and  a  portion  of  the  shell* in  combine 
a  ring  (see  Figure  52).  If  the  web-shell  combination  is  sufficient 
equivalent  ring  will  be  loaded  in  hoop  tension. 


Shell  loads  are  critical  at  boost-transitic 


Maximum  pressure 

-  70.7  psi 

Shell  temperature 

=  I»00°P 

Shell  material 

«  Rene 1  41 

Material  allowable 

*  120  Ksi 

secnenreTnioTCD  data 


pq*t^6005 
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Shell  point  loads: 

P  =  lA  27.4  (70.7)  =  190  lbs/ir 
5T.  3 

Moment  of  inertia  of  Section  (A-A) : 

IM  *  0.006X0  in4 

Assume  ring  loaded  at  32  equidistant  poi  .6  and  deter¬ 
mine  deflection  from  Reference  3  (case  9,  page  158) : 

S  0.0094  inches 

max 

Deflection  is  small* 

Hoop  tension  analysis: 

Diameter  *  55*19  in. 

Reflector  diameter  **  53*25  in. 

Equivalent  ring  pressure: 


PEQ 


■  70.7  r>  68.2  psl 

55.19 


Hoop  Stress  =  -  g-7*-.^  <=  15  Ks 

1.25 


MS  (Hoop  Tension) 


-^2_  -1  .  a  a, 

1.1  x  15  -  L- 


Length  between  rails  -  *3- ■  - r-.  10.6  .n. 

16 

Rail  width  =  1.2?  in. 

Beam  length  =  10.6  i-  1,25  «  9*35  »- 

Load/section  ~  68.2  x  10.6  *  724  -&/ina 
Load  on  web  «  68.2  x  9.35  «  638  1  /Ln^ 


MeRUflainf6Tn>.oATA> 
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9. 2. 2. 2  Spring  Presaure  Pad 
9. 2.9, 2.2.1  Pad  tug  Bending 

Conservatively  analyze  the  pad  a?  a  p 


Maximum  Pressure 

=  70.7  pel 

Pad  Temperature 

»  1400‘F 

Pad  Material 

=  Rene'  4l 

Allowable 

»  120  Ksi 

__  6m  6  x  161*  _  „  . 

O  =  -k  **  - - “5  "  98*5  Kfil 

t2  (O.IO)2 


MS  (Bend) 


120 


1.1  x  98.5 


-  1 


+0. 


The  pad  lugs  react  the  friction  load  • 
duced  by  reactor  movements  and  is  a  maximum  on  the  side  pads. 

Pad  lug  bending  is  critical  at  the  sti 

dition. 

Pressure  -  25.6  psi 

Lug  Temperature  =•  I^OO^F  (Assumed) 


8 

i 
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Allowable  =  95  Ksi 

Lugs  are  3*5  inches  on  center 


So: 


g 

f  ~  /  2  1  n  sin  e  a  « 

9i 

<1  “  //  P  3in  9 

r^P  O 

f  ~  j  LI?  R  Sin2  9dft 
el 

10 1  ’5° 

*  (0,^)(2^.6)(26.C2)  /  *  sin2  9  d  9 

28.8' 

«  189  x  0.393  =••  7*».l  lbo/inn 


jtT 


0.41 


NJ 


A • 1  lbs /in 
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M  0.4l  x  "4.1  ■«  30.4  in-lbs/ina 
M  »  30.4  }n-ll?s/inQ  x  5-3  it^/Dug  =>  1 


?. 


MS 


n 

"  64  x  0.313 

M  _  1.00 

e  7,  ~  0.020B 

(Bend)*  -- =.-| 
J-.x  X 


(0.625)4-  (0.375) 

. 

-  It. 8  Ksi 

O  “  1  '  Higb 


k 


5*3  Front  Support  Structural  Criteria 

5.3*1  Discussion  of  Axial  Support  System 

Axially  directed  air  and  Inertial  forces 
upon  the  assembly  of  hexagonal  ceramic  tubes  comprising  the  rea 
acted  by  bearing  on  metal  base  plates  that  bear  against  flanges 
tubes  extending  through  the  core.  These  tubeB  are  attached  to 
located  forward  of  the  core  and  act  as  tension  ties.  The  grid 
the  airframe  at  its  periphery. 

This  axial  support  syetem  provides  for  a  < 
mal  expansion  between  the  ceramic  core  and  th®  metal  structure  1 
springs  located  on  the  tubes  between  the  core  and  the  grid. 

During  assembly,  tube  lengths  are  ad Jus tec 
clamp  the  core  against  the  springs  and  the  springs  against  the  , 
ing  spring  deflection  preload  compresses  the  core  against  the  a. 
and  prevents  forward  movement. 

Forward  growth  of  the  core  due  to  differs 
further  deflects  the  springe  and  Increases  the  spring  aft-direc 
Elastic  and  plastic  a t res o -induced  elongations  of  the  He  tubes 
lieve  the  spring  deflection. 

The  net  force  exerted  by  the  springs  upon 
ceed  forward -directed  core  loads  if  core  forward  motion  ie  to  b< 


Forward-directed  loading  on  the  reactor  c« 
mentarily  during  several  flight  phases. 

Immediately  after  rocket  booster  burnout, 
tor  of  -0.32  g  is  attained.  The  net  force,  however,  is  less  tl 
aft-directed  air  drag  (Refer  to  Figure  33)* 

During  unstart -restart,  c  and  it  lorn,  the  ail 
actor  core  becomes  negligible  while,  that  on  the  airframe  Is  ur?a) 
of  the  core  will  force  it  forward  against  the  springs. 
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50-1*2  PlscufiBlon  of  Axial  Dynamic  Loading  Conditions 

To  obtain  insight  into  the  expected  dynamic  loa 
full  scale  reactor,  a  one- third  scale  engine  was  tested  during  Octobe 
Bata  from  the  tests  were  extrapolated  to  the  full  scale  system  at  con 
Mach  5;  an  altitude  of  1,000  feet,  and  ANA  Hot  Day  temperature. 

Time  response  was  corrected  for  full  scale  diff 
and  temperature  differences.  Since  the  full  scale  diffuser  is  three 
er,  the  time  for  a  press  are  disturbance  originating  at  the  inlet  to  r 
reactor  ie  three  timeB  as  great  and,  hence,  pressure  response  data  ob 
the  one-third  scale  system  should  be  reduced  by  a  factor  of  one-third 
since  the.  test  reactor  was  full  length,  the  time  for  propagation  of  p 
disturbances  through  the  reactor  remains  the  same  between  the  one-thi 
and  neglecting  the  effects  of  the  nozale.  Both  the  fore  and  aft  pres 
eponse  times  were  also  corrected  for  Bonic  velocity  differences  betwe 
scale  condition  Tm  of  1570°^  and  test  data  temperature  of  900°R*  Th 
o 

suit  of  the  scale  and  temperature  corrections  was  an  expanding  of  the 
of  both  front  and  rear  response  curves  by  a  factox**  of: 


„_6003 


on  a 

1962. 


tions  of 


ences 
raes  long- 
ch  the 
ined  with 
However, 
Bsure 
scale 
rc  re- 
the  full 
net  re- 

ine  scale 


Full  Scale  ^0  -  1/3  Scale  2  * 

1/5  Scale  1  ^  . 

I  io  -  Full  Scale 


but  maintaining  the  relative  lag  through  the  core. 

Equivalent  full  Beale  pressure  levels  were  obta 
ratioing  steady  Btate  values  recorded  for  one-third  scale  system  test 
prior  to  inlet  unstart  to  those  given  in  Reference  15  for  Mach  3»0>  A 
and  1,000  feet.  The  pressure  ratios  from  one-third  scale  to  full  sea 
assumed  to  remain  constant  throughout  the  transient. 

Typical  one-third  scale  data  corrected  to  full 
ditions  are  presented  in  Figure  5^»  The  corrected  data  are  also  pres« 
Figure  55  in  terms  of  A  P  across  the  full  scale  core  during  unstart 
The  effect  of  such  a  P  change  on  reactor  drag  load  was  evaluated  " 
the  steady  state  P  was  equivalent  to  the  full  scale  steady  state  d 
56)  and  that  drag  remained  proportional  to  Z^P  throughout  the  transiej 

Based  on  these  assumptions,  Figure  57  was  prepa 
considered  representative  of  the  change  in  full  scale  reactor  drag  la 
out  the  unstart  transient.  The  curve  is  presented  as  a  series  of  strt; 
as  uae^  to  simplify  the  mathematical  analysis.  The  effects  of  a  hot  1 
pressure  response  were  not  considered,  and  friction  in  the  side  Buppo. 
was  neglected.  The  loads  of  this  curve  were  then  incorporated  into  t) 
tie.1  equation  of  motion  for  the  reactor  to  determine  their  effects.  { 
5.3.2  presents  the  derivation  of  the  equations  used  in  this  analysis, 
with  sample  calculations.  Figures  58  and  59  present  the  calculated  d. 
and  velocities  of  the  reactor  over  the  time  period  of  the  unstart  traj 
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This  analysis  indicates  that  the  reactor 
loads  and  then  abrupt  reloads  during  the  unetart  transient.  F 
.shown  in  Figure  57  for  ground  test  operation,  the  forward  load 
sufficient  to  cause  separation  from  the  base  block  in  that  ela 
in  the  tie  rods  returns  the  reactor  slightly  past  zero  deflect 

In  flight,  however,  an  unstarted  inlet  1 
drag  sharply,  Therefore,  upon  inlet  unetart  in  flight,  the  re 
ject  not  only  to  forward  forces  arising  from  abrupt  changes  in 
the  propulsion  system,  but  also,  since  the  reactor  motion  is  u 
forward  direction,  to  the  relative  deceleration  of  the  vehicle 
the  reactor.  Figure  55  presents  the  estimated  reactor  drag  lo 
ing  an  unetart  transient  that  is  accompanied  by  additive  3g  ve 
A  deceleration  of  3g  was  selected  as  representative  of  a  sever 
condition.  In  the  preparation  of  Figure  55  it  vug  assumed  tha 
forward  load  was  applied  prior  to  time  =  0  and  displaced  the  t 
from  that  of  Figure  57*  The  3g  load  remained  constant  over  th 
tion  of  the  unetart  transient  (to  t  «  0.0^5)  and  did  not  affec 
dissipated  as  reload  (and  restart)  occurred.  The  deceleration 
assumed  to  occur  linearly  over  the  flat  portion  at  the  bottom 
curve  (time  »  0.045  to  time  =  0.057)*  Offsetting  the  reload  s 
that  of  Figure  57)  was  accomplished  to  compensate  for  pressure 
through  the  diffuser.  The  amount  of  offset  and  the  rate  of  de 
decrease  were  arbitrarily  selected  to  simplify  the  straight  11 
the  drag  load  curve. 


In  relation  to  the  Og  drag  load  curve  (F 
53  is,  therefore,  lowered  by  a  factor  of  3  times  the  reactor  rm 
t  “  0,045  seconds  but  with  the  same  slope,  and  shows  immediate 
stay  time  at  minimum  load.  From  time  »  0.057  seconds  on,  Figu 
identical,  since  all  deceleration  loads  are  assumed  to  have  dii 
hide  reacceleration  loads  were  not  considered. 
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A  mathematical  analysis  similar  to  that  t 
ground  test  (Og)  condition  was  conducted  for  the  flight  condit- 
5-5.2  presents  sample  calculations  of  reactor  motion  under  the 
of  Figure  53*  Figures  60  and  61  present  the  calculated  result; 
and  velocities  of  the  reactor.  As  shown  by  these  figures,  the 
displacement  and  velocities  increases  considerably  over  that  ol 
ground  test  conditions.  A  maximum  separation  from  the  base  bl< 
followed  by  rapid  oscillatory  separation  at  high  velocities  is 
though  these  motion  characteristics  do  not  appear  to  overs tres* 
appears  probable  that  ceramic  damage  would  result  from  ouch  imj 


nducted  for  the 
n.  Section 
oad  variation 
b  displacements 
3verity  of  the 
lined  under 
k  of  0.127  inches 
odicated.  Al- 
thc  tie  rods,  it 
2t  load  cycling. 


It  should  be  noted  that  the  forward  react 
not  considered  in  this  analysis  due  to  their  relatively  low  sp 
lbs/in. /in.  (Reference  13).  Redesign  of  the  forward  spring  sy; 
ably  overcome  the  predicted  forward  deflection.  It  is  reoommei 
design  be  Investigated. 
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5.5*2  Dynamic  Analysis 

5*3*2. 1  Derivation  of  Equations  for  Reactor  Dynamic  loac 


kx  ^ 

tie  rod 
counter  force 


m 

Reactor  Mass 


-+r(t) 


drag  load 
variatlor 
during  ur 


)  x  positive 


For  the  above  system 


OT 


Assume 


then 


and 


d*2 

m  — -  -  F  (t)  -  kx 
dt2 


+  Jlx 

dts  n  B 


“  F  (t) 


To  solve  per  Reference  14  let 


d  x  k 

— o  +  x  *=  0 

dt2  m 


_  Ht 

S  ex-, 


dx 

It  -  »e 


£$  -  »s  e 

dt* 


Rt 
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Differentiating  Equation  (28) 


dx 

dt 


or 


ci  i  (£■'• 


1/2 


.1/2 


i  t 


,4. 

k/m 


c2  1  (-m  )  e 


(30) 


ax  *  r  *-\ 

dt  =  °1  1  ^  m ' 


1/2 


v  Uz  v  1/2 

cos  (~)  t  +  1  sin  (•—)  t 


«o  i  (4) 


k.U/2 

m 


k  a/2 


ka/2+ 


cos  (-ffl-)  t  -  i  sin  C-^-)  t 


^  To 
+  tc/m 


(31) 


Equations  (29)  and  (30)  define  the  displacement  nd  ve- 
locity  of  the  reactor  during  an  unetart  transient,  and  eg  can  be  aluated 
from  known  conditions  at  time  -0;  however ,  x  must  be  positive  at  t  “  .  Values 
of  a  and  b  can  be  determined  from  test  data  by  defining  the  unstart  t  neient 
in  terms  of  successive  straight  lines  {Figure  57)* 

The  value  of  tn  was  taken  as  11,400  lbs  from  Ref-  ence  1$, 
and  the  steady  state  load,  at  Mach  3,  1000-foot  altitude,  AM  Hot  Day,  rora  Fig¬ 
ure  56. 

The  tie  rod  strain  under  this  load  was  computed  roro  an 
effective  area  and  weighted  modulus  of  elasticity  for  the  8l  Rener  4l  nd  40 
R235  tie  rods,  A  tie  rod  temperature  of  13Q0°F  was  assumed  (Referenc  L).  Rod 
length  was  taken  as  80  inches-  The  initial  steady  state  deflection  vi  there¬ 
fore; 


j It 


80  (263,000) 


EA  (no.  of  rode)  2U-5  x  10°  (0.095)  (121) 


The  tie  rod  spring  constant,  k,  was  therefore 


■  0,075  ii 


k  =  *“*  »  '^o/otT  =  *  10^  LWin. 


5*5*2. 2  Sample  Calculations  of  Reactor  Displacement  and  5 locity 
Changes  During  Unstart -Ground  Test 

For  conditions  at  t  =  O  (Figure  5?) 

x  -  0,075  —  =  O 

dt 


•sEeRRAcomtercD  ww 

mull 


-  56  - 


DEGiiSSfiftkU  IN  HlLi 
Ajthorifiy:  EO 13526 
Chief,  Records  &  Declass  Sit  iff  § 
Date:  OCT  0  2  2015 


-$ECfter  ■Regrni 

HWWWWW  133* 


ASD-TDR-63-?.?? .  Vol.  ttf 


iirair. 


6003 


the  first  straight  line  segment  can  be  expressed  as 


iL—J*  .  i  F  (t) 


therefore, 


also, 


a  «  8,900  b  =  -190,000 


—  =  118, 500 


>  1/2 

(-£>  =  3W 


at  t  “  0,  Equation  (28)  and  (30)  become 


X  =  C-,  +  C0  + 


1  +  C2  +  j75 


dx  ,  K  %  A  t  k  v 1/2  b 

dt  "  C1  1  (  "  c2  1  '  +  k7m 


Solving  for  c-^  and  c2  and  substituting 


1.61 


051 


1.61 

051 


Since  all  constants  are  now  known,  x  anc  ix/dt  can  now  be 
determined  for  tidies  up  to  0.045  seconds: 


c  +  «  0  (c1  -  c2)  i  =  0.0047 

x  =  0.004?  sin  344  t  +  0.075  -  1.6l  t 


v  An  344  it  ^  v  i  t 
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Solving  a*-  -c  *  0.045, 


and 


dx 

dt 


0.003  inches 
-3*20  inches/sec 


Thus,  the  tie  rods  have  relaxed  from  0.073  to  0.003  and  the  rea< 
forward  at  3*2  inehes/sec.  Each  straight  line  segment  of  Figuri 
similarly.,  and  a,  b,  Cp  and  are  reevaluated  each  time.  For 
ments  where  the  velocity  reverses  direction,  the  time  of  zero  v« 
termined  and  the  maximum  (or  minimum)  displacement  is  detexmine< 


or  is  moving 
57  is  treated 
icse  line  eeg- 
ocity  is  de- 


5»3*2.3  Sample  Calculations  for  Reactor  Dlsplacemt  t  and  Velocity 
Changes  During  Un start -Flight  Operation 


It  was  assumed  that  the  application  of  thi 
to  time  «  o  (Figure  33)  did  not  change  the  reactor  motion  chara< 
ti.rne  =  0  from  the  characteristics  under  ground  teBt  conditions  | 
and  dx/dt  »  0) .  This  assumption  was  made  to  Bimplify  the  analyi 
tified  because  the  change  in  initial  drag  load  was  relatively  bi 
effect  on  initial  displacement  and  velocity  would  alBo  be  relat. 

Therefore,  at  t  =  0, 

x  =  0.073 


5g  load  prior 
^risticB  at 
.e.,  x  =  0.075 
a  and  was  jus- 
LI,  and  its 
sly  small. 


and 


dx 

dt 


=  0 


Solving  for  the  constants  a,  b,  cp  and  eg  as  in  Paragraph  5*3  •<  2j 


a 

b 


7770 

-190,000 

1.61  +  3*26  1 

688  i 

-  1.61  4  3. 26  1 

68ft  i 


Solving  Equations  (29)  and  (31)  with  the  known  consVmtfl  at  U  - 

x  ^  -0.0l6  inches 

and 

~  n  -3*70  inches /sec 


.043, 


stem  aesrn  1  cmd 
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Thus,  the  reactor  has  separated  from  the  base  plate  and  has  ft  rard  momentum. 
To  evaluate  reactor  motion  over  the  next  straight  line  segment  new  equations 
must  be  derived  since  the  constants  con  not  be  evaluated  for  3  legative.  Under 
a  negative  x.  k  «  0  and  the  equations  are  invalid.  For  x  *  m  itive  at  t  *  0, 
Equation  (25)  becomes 


dgx 

dt2 


Expressing  l/m  F  (t)  as  a  +  bt, 


d^x 

dt2 


a  -i-  F  (t) 


m  a  +  bt 


Integrating  for  dx/dt  and  x, 


dx  .  b  .2 
dt  “  at  +  T  1  +  ci 


At  t  =  0> 


£  t2  +  £ 


dx 

at 


+  C1  t  +  c2 


(32) 


(33) 


-5 .76 


From  Figure  52, 


x  «  c2  -  -0.0l6 

a  =  -854 
c  =  96,000 

Equation  (33)  is  solved  for  the  time  at  which  x  returns  to  zei  Equations  (32) 
and  (33)  are  only  valid  up  toj  this  time  after  which  Equations  (  i)  through  (31) 
must  be  used,  since  k  is  again  the  factor. 


0  = 


Setting  Equation  (33)  equal  to  O  and  so}  ng  for  t, 

-417  t2  +  l6,COO  t?  -3.76  t  -  0.016 
t  =  0.033 
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Therefore^  after  time  0,045  +  0.033  «  0.07$  of 
Equationfl(32)  and  (33)  no  longer  apply  for  the  straight  line  segment 
0.043  vo  t  =  0*090.  The  segment  from  t  ~  0.078  to  t  =  0,090  is  evalt 
before  using  Equations  (28)  through  (31). 

The  remaining  line  segments  of  Figure  53  are  e\ 
similarly.  Equations  (32)  and  (33)  are  applied  whenever  x  is  negatl-v 
start  of  a  line  segment.  For  all  line  segments  times  of  maximum  and 
locity  are  determined  to  define  completely  the  behavior  over  the  unat 
sient . 

5.3»3  Structural  Summary 

According  to  Reference  13  (page  HI-29),  data  f 
standard  tie  rod  springs  are  as  follows ; 

Material  Inconel  X  Inconel  X 


Number,  of  springe,  » 

•••  103 

Outside  Diameter;  inche? 

1.75 

Inside  Diameter,  inches 

1.32 

Spring  constant,  lbs/in. 

at  1100CF 

45 

Free  length,  inches 

4.4 

Bottom-out  length,  inches 

2.9 

Assembly  pre-load,  lbs 

55-97 

There  are  121  tie  rods,  and  the  total  reactor  w 
ported  1b  approximately  11,500  lbs,  Assuming  the  tubes  are  equally  2 

^lgl^  c  ^  lbs/tube  dead  weight  loading  (l.Og). 

Thus,  a  l.Og  forward  inertia  load  would  exceed 
lb  preload  by  39. 03  lbs  and  would  deflect  the  spring  0.87  inches.  Su 
ment  cannot  be  tolerated. 


M1-60Q3- 
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If  loaded  after  the  core  and  support  structure 
stabilized  temperature  levels  and  all  differential  expansion  has  uccu 
additional  preload  due  to  the  core  expansion  spring  deflection  will  b 
Total  spring  travel  can  be  only  4.4  -  2.9  *=  1.5  inches  and  spring  loa 
1.5  x  45  ==§7*5  lbs.  Gince  this  value  is  leBB  than  the  93  lbs/tube  1 
ward  movement  would  still  occur. 


.ve  reached 
•ed,  the 
available, 
iu  then 
d,  for- 


The  present  spring  system  appears  unsat Israel or  for  the 
unstart  condition.  Since  the  present  load  data  are  of  a  preliminary  ture, 
spring  redesign  should  be  delayed  until  final  load  studies  are  avalla  e. 
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Conclusions  and ftecommendatioafl 

1*  Reactor  damage  due  to  forward  loadin 
ing  ground  testing  of  a  full  scale  Pluto  engine  If  inlet  unsta 
scale  engine  dynamic  evaluations  should  "be  conducted  with  a  du 
to  any  hot  core  testing* 

2.  Definite  forward  loadings  are  predic 
inlet  unstart  in  flight  due  to  the  additional  forward  loads  re 
loss  and  drag  increase.  Modifications  to  the  existing  Tory  II 
system  are  indicated. 

5*  Additional  dynamic  load  evaluation  0 
1 is bed  with  the  finalized  one -third  scale  inlet  configuration 
effects  of  inlcL  'hard  start u  (restart  with  bypass  doors  close 
mine  possible  change  in  the  load  characteristics  with  increase 
tion.  These  tests  should  be  performed  at  design  and  off-desig 

5-4  Side  Support  System  Teat 

5*4.1  Discussion 

An  extensive  spring  evaluation  test  prog 
reactor  side  support  system  was  continued  during  1962.  Seven 
tiona  (Reference  15)  were  to  be  investigated  to  support  earlie 
sign  studies; 

1.  Split  cylindrical  tube 

2.  Solid  cylindrical  tube 

5.  Modified  Belleville 

4.  Buggy  (elliptical) 

5*  Torsion  bar 

6.  Corrugated 

7.  Plate 

Teat  programs  for  evaluating  the  perform 
corrugated  and  flat  ribbed  plate  springs  (all  fabricated  from 
terial)  were  conducted  in  the  past  (Reference  1 6).  Because  in 
Belleville  spring  exhibited  the  most  desirable  high  temper at ur 
from  the  standpoints  of  load-deflection  and  permanent  set,  ini 
tests  were  directed  toward  the  evaluation  of  Belleville  spring 
modifications  intended  to  reduce  initial  permanent  set  and  to 
rying  capacity.  Belleville  springs  of  R-255  alloy  material  ve 
emphasis  to  this  worh.  Subsequently;  concerted  analytic al  ana 
spring  forms  listed  above  Indicated  their  potential  was  infer! 
ville  spring  regarding  functional  requirements. 
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Concurrent  with  the  above  work,  analysis  was  b 
new  type  of  spring,  embodying  the  aspects  of  a  tapered  curved  beam  a 
specifically  to  minimize  the  lateral  support  annulus  dimension.  A  d 
program  was  formulated  to  evaluate  the  mechanical  performance  of  thi 
type  under  expected  operating  conditions* 

5*^.2  High  Temperature  Springs 


5.4.2*!  Belleville  Spring 

A  theoretical  analysis  of  the  stress  profile  o 
vi lie  spring  (Reference  17)  shov3  that  very  high  stress  concent ratio 
at  the  inner  diameter  edges,  the  higher  stress  being  at  the  convex  e 
sequently,  the  actual  stresses  occurring  at  both  inner  diameter  edge 
exceed  the  allowable  yield  stress  of  the  spring  material  and  are  res 
for  the  permanent  set  (local  edge  material  plastic  yield)  during  ini 
deflection  operation. 


It  was  assumed  that,  if  the  rather  sharp  inner 
edges  were  modified,  high  stresses  would  be  decreased  resulting  in  r 
permanent  set  and  a  more  uniform  stress  distribution  across  the  spri 
ticular  attention  was  given  to  the  alleviation  of  stress  concentrati 
ploying  full  edge  radii. 

The  test  items  were  conventional  form  Bellevil 
of  R-235  material  with  an  optimum  solution  heat  treatment.  Nominal 
were  O.lCO-inch  material,  2.000-inch  O.D.,  0.875-Inch  I.D.,  and  0.05 
coned  height.  These  springs  were  designed  with  a  linear  load  rate  t 
mately  85  percent  of  the  spring  deflection  capability,  and  a  load  li 
position)  of  l800  pounds  (Reference  l8).  Several  springs  were  modif 
rounding  the  inside  edges.  Full  edge  radii  of  l/64,  l/52,  and  l/l6 
inch  were  used  on  either  or  both  edges.  Figure  62  shews  some  typica 
that  were  tested.  A  spring  containing  l/l6~inch  full  radii  on  both 
ameter  edges  is  presented  in  Figure  65. 

The  spring  research  effort  entailed  compres3iv 
losd-def lection  tests,  which  were  conducted  in  a  Baldwin  Universal  T> 
at  ambient  and  elevated  temperatures.  Appropriate  spring  holding  fi 
AL  thermocouples,  and  Brown  temperature  recording  equipment  were  use« 

Single  spring  specimens  of  each  of  the  convent 
modified  configurations  were  tested  with  and  without  strain  gages  at 
temperature.  A  nonstrain  gaged  single  spring  setup  is  shown  in  Figu 
loading  method  shown  in  the  figure  is  referred  to  as  flat  plate  load, 
none train  gaged  springs  were  first  preset  by  deflection  to  the  flat 
and  then  subjected  to  a  load-deflection  test  to  8570  of  the  maximum 
for  three  cycles  to  establish  the  spring  rate. 

In  order  to  determine  the  spring  stress  profil* 
fied  spring  and  one  conventional  spring  (springs  Identical  in  physic? 
s Ion  except  inner  diameter  edge  mociificAHon'  w*:rr«  instrumented  with 
gages  and  tested.  SR- 4  type  A- 19  gages  ver^  installed  on  botr.  outsit 
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side  spring  surfaces  at  mirror  view  locations  equally  spaced  ( 
fashion  as  shown  in  Figure  63.  The  spiral  method  of  gage  plat 
average  radial-wise  strain  coverage  and  also  facilitiated  attt 
trical  leads.  The  actual  test  setup  for  these  tests  is  shown 
details  of  the  "house* of' -cards 11  type  of  test  arrangement  are  t 
A  cone  pointed  ratn  was  used  to  prevent  damage  to  gages  (as  opj 
plate)  and  yet  produce  effective  flat  plate  loading.  In  genei 
deflection  procedure  for  gaged  springs  duplicated  the  above  pa 
gaged  springe. 

In  addition  to  the  single  spring  tests, 
with  10-epring  series  stacks  of  conventional  springs  were  cone 
stack  load -deflect ion  rate  was  determined  at  ambient  temperati 
deflect! on- lead  relaxation  characteristics  at  85  percent  of  tl 
tlon  capability  were  evaluated  at  l4Q0rtF.  Setups  of  spring  si 
blent  and  elevated  temperature  tests  are  shewn  in  Figures  68  t 
tively. 

The  average  permanent  set  of  a  single  c< 
at  initial  deflection  to  flat  position  was  approximately  32  pe 
iginal  coned  height  (nominal,  0.030  inches).  No  differences  i 
were  observed  between  the  conventional  and  any  modified  spring 
ure  70. 

The  spring  rate  for  the  conventional  foi 
ear  up  to  83  percent  of  deflection  capability,  and  the  load  13 
mately  1843  pounds  as  noted  in  Figure  71  ►  These  data  verify  t 
(Reference  18) , 

For  comparative  purposes,  one  conventior 
spring  was  tested  at  the  same  conditions  as  had  been  applied  t 
Rene*  4l  alloy  spring  of  near  identical  physical  dimensions  (t 
Figure  72  indicates  that  the  Rene*  4l  spring  underwent  a  perms 
42  percent  of  the  R-235  spring  set  at  the  comparable  deflect ic 
Figure  73  the  Rene1  4l  spring  exhibits  approximately  12  percer 
carrying  capacity  at  83  percent  of  the  spring  deflect! on  capat 

An  increase  in  load  carrying  capability 
springs  tested  with  a  radius  on  the  outer  I.D,  edge  (Figure  7^ 
that  had  the  greatest  increase  was  the  one  with  a  l/l6  inch  re 
figure,  a  spring  with  the  above  outer  edge  conditions  shows  ar. 
percent  in  load  capacity  over  that  of  the  conventional  Bpring 
cent  level  of  deflection  capability.  The  increase  in  load  caj 
dieted  from  the  formulae  in  Reference  17  and  is  the  result  of 
permitting  a  shorter  couple  moment  arm  around  the  spring  cent* 
schematically  in  Figure  75»  Corresponding  load-deflecticn  dat 
figure  verified  this  mechanical  phenomenon.  Also  it  will  be  n 
that  no  significant  performance  effects  resulted  from  uprings 
only  the  inner  I.D.  edge  as  compared  with  the  conventional  sprin 
tion  to  increasing  spring  load  capacity,  rounded  T.D,  edgeK  ah 
crease  spring  performance  and  integrity  under  a  high  temperate 
load  environment. 
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Strain  gages  were  installed  on  two  nearly  idei 
springs,  on  one  conventional  spring  (No,  29),  and  on  one  modified  sj 
25)  having  l/l6-inch  full  radius  on  both  I.D,  edges  (Figure  65).  Aj 
were  positioned  to  record  strains  in  the  tangential  direction*  Idei 
ing  point  for  both  springs  was  accomplished  by  a  cone  pointed  ram  (l 
Strain  results  were  obtained  for  presetting  and  preset  spring  condil 
ing  deflection  to  the  flat  position.  These  strain  results  were  com 
stress  values  and  are  plotted  in  Figure  7 6. 

In  general,  the  rather  consistent  strain  data 
that  high  local  compressive  stress  at  the  conventional  spring  outer 
was  considerably  reduced  with  a  full  rounded  edge.  The  penalty  for 
stresB  improvement  was  manifested  in  an  increase  of  the  remaining  sj 
profile  as  compared  to  that  of  the  conventional  spring.  Trend  of  tl 
spring  stress  data  here  suggests  that  a  ’’tear  drop"  form  of  edge  roi 
reduce  the  developed  stresses  in  the  outer  portion  of  the  profile.  1 
al  stresses,  although  slightly  lower,  are  in  good  agreement  with  the 
stresses  calculated  from  the  formulae  in  Reference  1?. 

The  load-deflection  rate  for  a  preset  10-sprii 
stack  of  conventional  form  springs  was  found  to  be  in  close  agree mei 
rate  of  a  single  spring  when  tested  at  both  ambient  and  elevated  ter 
i.e.,  the  deflection  capability  is  ten  timeB  that  of  a  Bingle  Bprin* 
same  load.  At  l4oO°F  the  stack  load  is  a  maximum  of  83  percent  of  X 
ponding  load  at  ambient  temperature  as  shown  in  Figure  77  •  The  rate 
was  predicted  and  is  attributable  to  the  reduction  of  material  modul 
elasticity  at  elevated  temperature. 

toad  loss  of  a  preset  10-spring  series  stack  t 
stant  deflection  at  85  percent  of  the  stack  deflection  capability  at 
is  presented  in  Figure  78-  The  test  data  show  an  approximate  linear 
rate  of  3  percent  per  hour. 

5*4.2. 1.1  Conclusions 

1.  Of  the  modified  Belleville  springs  teste 
witn  a  l/l6- inch  radius  on  the  outer  I.D.  edge  was  found  to  have  the 
increase  in  load-carrying  capability. 

2.  Creep  test  results  indicate  that  a  const 
at ion  rate  of  approximately  3  percent  per  hour  was  obtained.  Extraj 
this  to  10  hours  will  give  a  total  lifetime  reduction  of  30  percent, 
excessive.  The  results  indicate  that  redesign  of  the  Belleville  spi 
quired  to  reduce  the  lifetime  relaxation  rate, 

3.  No  future  testing  is  contemplated  for  tl 
vi lie  spring  at  Marquardt.  The  curved  plate  spring  appears  more  at*t 
from  the  standpoint  of  reducing  the  lateral  support  annulus. 
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5*4. 2. 2  Tapered  Curved  Plate  8prings 

The  springe  presently  under  development 
lateral  side  support  of  the  Pluto  reactor  are  linear  rate*  tap 
plate  spring  stacks  consisting  of  two  BetB  of  parallel  Bpring 
in  series-  Single  1.0  inch  vide  spring  leaves  and  an  assemble 
in  Figure  79*  The  spring  material  is  Rene'  41  with  an  optimum 
treatment. 

Ihe  spring  leaf  is  normally  4.450  Inches 
widths  of  1  inch,  2  inches,  and  4  incheB.  The  nominal  height 
Btack  of  any  width  is  0-750  inches.  Each  spring  stack  had  a  n 
inch  deflection  capability,  with  a  rated  load  of  $66  pounds  pe 
width. 

Spiring  testa  at  ambient  temperature  were 
Universal  Tester  as  Bhown  in  Figure  80.  A  dial  gage  was  used 
spring  deflection,  and  the  readouts  of  multiple  SR4  type  A-l8 
a  spring  leaf  were  monitored  by  an  SR- 4  strain  indicator.  Rep 
strain  gage  locations  are  shown  schematically  in  Figure  8l. 

The  setup  used  for  high  temperature  test 
Temperature  Test  Machine  is  Bhown  in  Figure  82.  This  setup  in 
spring  stack  holding  apparatus,  12- inch  Hevi-Duty  split  tube  f 
thermocouples,  Brown  temperature  recorder,  Baldwin  load  cell, 
eter,  and  automatic  load  programming  equipment. 

Spring  stack  load  rate  was  established  f 
width  stacks  under  conditions  of  static  compressive  load-defle 
ambient  and  l400°F.  The  magnitudes  and  effects  of  transverse 
termined  for  single  spring  leaves  of  each  width.  Dynamic  perf 
vestigated  under  a  cyclic  load  traverse  over  a  simulated  Pluto 
tory  at  1400°F  for  a  period  in  excess  of  10  hours.  A  diagram 
*  load  schedule  is  presented.  In  Figure  83- 

5-4. 2. 3  High  Temperature  Spring  Test  Results 

Significant  results  of  the  spring  tests 

1.  Ambient  temperature  load -deflect ion 
stacks  1  inch  and  2  inches  in  width  indicate  an  average  data  a 
cent  as  shown  in  Figure  84.  These  Bpring  stacks,  in  addition 
stack,  exhibited  an  average  of  24  percent  greater  spring  rate 
ed  rate  based  o:i  nominal  spring  dimensions.  Stack  permanent  b 
percent  of  stack  initial  deflection  capability.  Strain  gage  cl 
that  permanent  sets  were  caused  by  stress  concentrations  near 
load  points.  The  teat  spring  rate  of  a  1-inch  stack  was  3.4  p 
than  the  calculated  spring  a*ate  of  the  subject  stack  based  on 
sions . 
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2.  Longitudinal  material  strains  of  single  t 
leaver  verified  tm  existence  of  stress  concentrations  around  the  r 
load  points  as  snown  in  Figures  85  and  86.  Comparison  of  transverf 
data  presented  in  Figures  87  and  88  shows  that  spring  edge  area  stj 
es  with  increased  spring  width  (tendency  of  spring  edge  to  turn  in 
spring  side  containing  longitudinal  tension  strain), 

J,  Evaluation  of  spring  rate  for  1-inch  and 
spring  stacks  at  1400^  (Figure  84)  produced  data  consistent  with  i 
creased  material  modulus  of  elasticity  for  the  test  temperature. 

4*  Spring  stacks;  2  inches  in  width  tested  t 
for  10  hours  under  cyclic  load -deflect ion  conditions  (Figure  85)  e; 
following  uniformly  increasing  material  creep: 


Sector 


A 

0 

c 

Tota] 

Creej 

(ID-) 

iiLi 

iiEd 

— — 

Stack  s/W  2 

0.022 

0.006 

0 

0.026 

Stock  S/N  4 

0.024 

0.011 

0 

0.03^ 

These  material  deformations  are  attributed  primarily  to  stress  cone 

5.  Ambient  temperature  re  calibrations  of  spi 
tested  at  elevated  temperatures  produced  rates  nearly  Identical  to 
al  ambient  rates  for  respective  stacks. 

Conclusions  from  the  significant  test  results 

above  are  as  follows : 

1.  Tests  indicate  that  springs  can  be  desigr 
22  ??rcent  confidence  in  the  predicted  spring  rate,  based  on  nomine 
dimensions.  This  percentage  should  improve  as  spring  tolerances  ar 

2*  Maximum  deviation  in  the  predicted  vs.  e> 
strain®  was  25  percent.  This  deviation  is  probably  due  to  the  stra 
tration  caused  by  the  spring  loading  bosses. 

5*  Cyclic,  10-hour  creep  testing  indicated  a 
luxation  of  0 .035  inches  in  spring- free  height.  This  means  a  rela;i 
4.1  percent  based  on  a  nominal  spring-free  height  of  0.857  inches, 
although  based  on  only  two  spring  teste,  should  be  well  within  Pint 
support  deGign  requirements. 

4.  Future  spring  tests  should  be  pDinted  tow 
ing  confidence  in  the  total,  relaxation  that  the  spring  will  undergr 
*«ctea  to  the  Pluto  flight  loads  environment. 
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5*4.3  Engine-Airframe  Livtaral  Attachment  Teat; 

5. 4.3.1  Discussion 

During  the  second  quarter  of  1962,  expe 
tests  were  conducted,  to  evaluate  the  characteristics  of  a  pro 
airframe  lateral  support  system.  The  history  and  results  of 
contained  in  Reference  19* 

The  objective  of  the  tests  was  to  evalui 
integrity,  the  response  modes,  and  the  spring  system  characte 
cross  section  of  the  engine-side  support  system  in  a  vibratio 
vated  temperature  environment. 

The  full  scale  side  support  specimen  tes 
a  tangential  (to  core)  corrugated  spring  array  coupled  to  a  t 
suspending  a  simulated  core  within  an  outer  ring  (see  Figure  « 

Results  of  the  above  test  were  compared 
dynamic  responses  as  derived  from  a  model  analysis  compiled  i] 
conclusive  correlation  was  evident  due  to  (l)  the  inflexible 
side  support  assembly  and  (2)  only  one  possible  core  preload  1 
tude.  In  addition,  many  difficulties  occurred  with  the  major, 
strumentation  at  elevated  temperature.  Analysis  indicated  the 
tion  of  a  generalized  test  specimen  at  ambient  temperature. 

A  second  full  scale  engine -side  support 
somewhat  similar  to  the  basic  geometry  of  the  first  item,  was 
tested  during  the  last  quarter  of  19^2 .  The  primary  test  obJ< 
to  bracket  the  dynamic  test  conditions  vised  in  the  first  test 
the  basic  dynamic  response  of  the  core  matrix  with  variable  s 
loads . 


The  results  of  the  second  test  are  reuoi 

20. 


5- 4.3*2  rhaae  I  Teat 

The  test  item  consisted  of  a  full  scale 
tion  of  the  side  support  system  linking  a  simulated  reactor  ct 
ring.  The  core  outside  diameter  was  93*25  inches,  the  outer  3 
eter  was  61.50  inches,  and  the  thickness  of  the  assembled  unil 

The  principal  components  of  the  side  suj 
expansion  shells  and  tracks,  curved  linear  rate  corrugated  spi 
tainer  shells,  and  rails  (as  shewn  in  Figure  99).  All  suppori 
fabricated  from  Rene*  41  alloy.  On  assembly,  the  nominal  spr: 
load  was  approximately  900  pounds  per  npring,  resulting  In  an 
sure  of  16  psi. 
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3*  Core  resonant  conditions  in  the  ran 
for  two  horizontal  in-lijis  accelerometers  are  indicated  by  th 
Figures  98  and  99,  which  are  typical  of  all  the  data  listed  i 
Apparently,  these  resonant  data  are  in  good  agreement  with  th 
frequency  determined  from  calculations  (Reference  4)  consider 
made  for  the  core.  Corresponding  sine  wave  acceleration  data 
and  99)  indicating  core  and  outer  ring  dynamic  responses  are 
XXIV  and  XXV. 

6.  No  change  in  amplification  factor  v- 
tween  ambient  and  1300®F  testing. 

7.  Phase  angle  and  g  level  relationshi. 
tal  in-line  accelerometers  (Figure  98)  indicated  a  core  disto 
opposed  to  rigid  body  mode)  in  the  order  of  0.02  inches  for  t. 
frequency  band. 

8.  Flat  random  excitation  data  paralle 
data  in  that  discrete  resonant  frequencies  were  net  eminent  a 
or  high  temperatures. 

9.  Post-test  load-deflection  callbrati 
shaved  no  change  from  the  pre-test  calibrations. 

10.  Structural  integrity  of  the  side  su 
maintained  throughout  the  test. 

Conclusions  that  may  be  drawn  from  the 

marized  as  follows: 

1.  Apparently,  binding  of  the  rail**t:reu 
primarily  responsible  for  erratic  dynamic  response  of  the  cor« 
ring  (static  tests  provided  an  indication  of  irregular  core  pt 
tion  distributions). 

2.  Results  of  the  static  g  level  tests 
predicted,  a  sinusoidal  core  pressure  distribution  van  exhibil 
matrix  when  the  inertial  loading  exceeded  the  core  friction. 

3.  Vertical  response  of  the  bottom  of  1 
98)  compared  with  horizontal  dynamic  input  indicates  die tort it 
of  the  core. 

3. 4.3. 3  Phase  II  Test 

3*4. 3*3.1  Teat  Hardware  Design  and  Description 

Test  hardware  was  designed  and  fabric? 
tion  airframe  lateral  support  dynamic  response  test  (slice  ter 
components  of  this  hardware  are  the  reactor  core  matrix,  eupp< 
spring  support  assemblies.  The  configuration  an  shown  in  Figi 
inches  wide  and  simulates  a  section  through  the  reactor  airfrs 

'^RETaCOTRI-efeD  DATA 

-  69  - 


».K>»i22£ 


of  20  to  26  cps 
data  plots  in 
Table  XXIII. 
21-cps  resonant 
5  a  rigid  body 
for  Figures  98 
s ted  in  Tables 


indicated  be- 


between  horizon- 
ional  mode  (as 
10  to  40  cps 


1  the  sine  wave 
either  ambient 


of  springs 


ort  system  was 


suits  are  sum- 


assemblies  was 
relative  to  the 
Lpberal  fric- 


idicate  that,  as 
L  by  the  core 


2  core  (Figure 
il  "breathing" 


I 


id  for  the  reac- 
*.  The  major 
,  ring,  and 
;  100  is  10 
?  structure.  The 


MAC  Am 


ASD-TDR-frR-277 


DEOLkSSiiFlEil  KIN  IfULL 
Authority:  EO  23523 
Chief,  Records  &  Declass  l%fg| 
Date.  OCT  0  2  2015 


'  SECRET  'ftEO'T'W  I OTCD  DATA 

Vnl  -  It/ 


reactor  core  matrix  consists  of  approximately  78,000  hexagonal  steatj 
(0.J005  inches  across  flats),  36  peripheral  shims,  107  tie  rod  tubes, 
control  rod  tubes.  The  outside  diameter  of  the  assembled  core  matri: 
inches.  The  core  matrix  is  compressed  radially  by  a  series  of  18  pac 
that  form  a  cylindrical  shell  around  the  periphery.  There  is  no  phyt 
nection  between  these  pad  segments;  how ever ,  the  compressive  force  it 
in  the  core  matrix,  through  the  pad  segments,  by  a  series  of  preloade 
assemblies  .  Radially  outward,  the  spring  loads  are  reacted  by  a  rig' 
ring  that  simulates  the  airframe  structure.  A  track  and  rail  type  cc 
is  provided  between  each  pad  segment  and  the  support  ring  to  react  t) 
loads.  Seventy-two  spring  assemblies  are  used  for  the  entire  test  f j 
furnishing  a  spring  rate  of  150  pBi/in.  Four  spring  assemblies  are  c 
tween  each  pad  segment  and  the  support  ring.  The  spring  assembly  cor 
a  3 « 00-inch  O.D,  primary  coil  spring,  a  1.00-inch  O.D.  coil  spring  df 
and  a  spring  guide.  Provisions  are  made  for  adjustment  of  the  spring 
during  various  test  setups.  All  metal  parts  are  fabricated  from  mile 
cept  the  ceramic  hexagonal  tubes  and  the  springs,  which  are  chorme-ve 

The  assembled  test  item  is  presented  in  Figure  101.  Total  weight  of 
item  was  approximately  3^00  pounds. 

5*4. 3*3*2  Dynamic  Tests 

Ambient  temperature  dynamic  tests  were  conduc 
28,000  force-pound  MB  Electrodynamic  Shaker  Model  C210  at  a  facility 
Marquardt.  Desired  vertical  vibration  (Figure  102)  was  obtained  in  e 
to  imposed  g  Loads  on  the  test  item  at  the  expected  flight  magnitude 
mately  8g) .  The  0210  control  system  is  Bimil&r  to  that  of  the  C100. 

A  typical  instrumentation  setup  is  shown  in  e 
form  in  Figure  10.3*  SR-4  Type  A-7  strain  gages  on  spring  coils  were 
as  prime  instrumentation  regarding  core  dynamic  displacement .  Accele 
and  linear  motion  transducers  served  as  backup  instrumentation  to  the 
gages . 


All  tests  were  performed  at  ambient  temperatu 
namic  conditions  for  nine  scheduled  runs  entailed  sine  wave  sweeps  of 
trolled  discrete  frequencies  through  the  range  of  3  to  300  to  5  cps  a 
8g.  Three  core  preload  pressures  of  5,  15,  and  30  psi  were  utilized 
inputs  as  follows: 


as  follows ; 
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Results  of  the  static  and  dynamic  teste  are  s 
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1.  Information  on  dynamic  responses  of  a  simi  ated 
core  matrix  to  vibration  loads  was  obtained  during  the  subject  test  p:  gram. 

2*  Displacement  data  indicated  that  the  core  atrix 
responded  dynamically  as  a  right-circular  cylinder  at  the  first  reson*  t  fre¬ 
quency.  Examples  of  core  displacements  for  several  runs  are  shown  in  igure 
104. 

3*  At  the  second  resonant  frequency/  the  con  respond¬ 
ed  dynamically  in  elliptical  form.  Core  modes  at  the  first  and  secorn  resonant 
frequencies  for  Run  4  are  presented  in  Figure  105* 

4.  These  core  mode  shapes  are  in  good  agreem<  t  with 
theory  as  presented  in  Reference  4. 

5*  The  frequencies  at  which  the  first  and  sec  lid  modes 
occurred  were  higher  than  predicted  by  a  factor  of  2.  This  is  thoughl  to  be 
due  to  an  increase  in  the  theoretical  integrated  spring  rate  caused  b'  mechan¬ 
ical  binding  at  the  reactor  periphery. 

6.  Maximum  core  displacements  relative  to  the  outer 
ring  frame  occurred  at  the  6g  input  force  level  and  15-psi  core  prelo*  .  The 
displacements  were  approximately  0.100  inches  around  the  bottom  vertic  1  cen¬ 
terline  and  approximately  0.030  inches  around  each  end  of  the  horizon!  1  cen- 

'terline  for  the  first  and  second  mode  conditions;  respectively. 

7.  Apparent  core  separations  observed  during  he  5  psi 
core  preload  and  36  input  run  were  not  reflected  in  the  core  displacer  nt  data. 

8.  The  first  resonant  frequency  of  the  core  j  :reases 
and  displacement  decreases  with  an  increase  in  core  preload  pressure  t  shown 
in  Figure  106. 

9.  Steatite  hexagonal  tube  damage  was  slight  ad  in¬ 
significant.  No  other  apparent  structural  damage  to  the  test  item  occ  rred 
during  the  test  program. 


mar i zed  as  follows: 


Conclusions  that  may  be  drawn  from  the  results  re  sum- 


1.  The  analysis  for  the  theoretical  dynamic  n  les  of 
core  deformation  as  presented  in  Reference  4  were  substantiated  to  a  1  jh  de¬ 
gree  by  test  results  for  first  and  second  resonant  frequencies. 

2.  At  Input  frequencies  above  approximately  1  )  cps3 
core  responses  were  negligible  for  all  conditions  tested. 


3-  Core  separation  can  be  prevented  with  prop 
ues  of  core  pressures  during  high  g  load  inputs. 
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4.  For  any  core  preload.,  core  displacement  creases 
approximately  In  proportion  to  increases  in  input  force  levels. 

5-  Steatite  tube  damage  was  not  detrimental  o  the  op¬ 
eration  aspects  of  the  test  item. 
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6.0  EXIT  NOZZLE 


6.1 


Design 

<5.1.1 


Discussion 
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The  exit  nozzle  is  a  convergent-divergent  ejec 
that  extends  from  Engine  Station  565. k70  to  Engine  Station  668.070, 
in  Figure  107-  The  nozzle  is  cantilevered  ;from  and  attached  to  the 
near  the  aft  face  of  the  reactor-  The  nozzle-to-vehicle  attach  joir 
quick-disconnect  type,  which  consists  of  the  vehicle  ring,  exit  nrz2 
locking  ring,  and  split  ring  retainer-  The  exit  nozzle  attach  ring 
ring  are  full-threaded,  American  Standard  stub  29°  Acme  screw  thread 
inch  lead  and  1-inch  pitch.  The  split  rfng  retainer  is  assembled  tc 
ing  ring  with  a  series  of  3/8-inch  diameter  bolts-  When  fully  assen 
labryrinth  type  seal  is  made  between  the  airframe  ring  and  the  exit 
attach  ring.  This  Joint  design  has  the  advantages  of  uniform  distri 
around  the  circumference  to  minimize  thermal  stress,  thin  sections  t 
gamma  heat  generation,  uniform  circumferential  load  distribution  the 
joint  structural  efficiency,  and  a  single  Joining  member  (lock  ring) 
optimum  quick-disconnect  potential. 

The  nozzle  is  designed  to  provide  for  radial  e 
thermal  expansion  between  the  nozzle  outer  shell,  nozzle  liner,  and 
expansion  pads.  The  aft  face  of  the  aft  series  of  reactor  circumfer 
expansion  pads  is  flanged  to  nest  into  a  radial  slip  joint  in  a  supp 
thereby  allowing  radial  thermal  expansion  of  the  reactor.  The  nozzl 
forms  a  slip  joint  with  the  inside  diameter  of  the  support  ring  that 
the  liner  to  expand  axially.  The  liner  is  attached  to  the  nozzle  ou 
at  the  throat  area  by  eight  pylons,  equally  spaced  about  its  circumf 

The  exit  area  between  the  nozzle  outer  shell  a 
nozzle  shroud  is  designed  to  provide 'a  constant  annular  area  in  orde 
boattail  drag  may  be  minimized.  The  exit  nozzle  is  designed  to  inco 
Bene’  kl  material  throughout. 

6.1.2  Weights  and  Centers  of  Gravity 

.  1 

Weights  and  centers  of  gravity  for  the  ejector 
nozzle  are  shown  in  Table  XXVI. 

6.1.3  Design  Data 

6-1. 3-1  Operational  Delta 

Critical  operational  phases  for  the  exit  nozzl 
cur  during  high  altitude  cruise  and  low  altitude  cruise.  Critical  p 
ing  and  temperature  environments  occur  during  the  following  flight  o 


High  Altitude  Cruise: 
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Low  Altitude  Cruise:  Mach  3.22  at  1000 
an  ICAO  Standard 

*eet  on 

•y 

Pressure  and  temperature  profiles  for  these 
regimes  are  presented  in  Figures  108  to  115 . 

*e  rational 

6 . 1 .3 , 2  Configuration 

Radial  and  axial  coordinates  defining  the  cc 
of  the  various  components  comprising  the  exit  nozzle  system  are  pr 
Figures  ll4  and  115  • 

iguration 
ented  in 

6.2  Structural  Analysis 

6.2.1  Nozzle  Forward  Cylinder  and  Convergent  Cone 

Shell)  “ 

'rimary 

6.2. 1.1  Discussion 

The  ring  assembly  by  which  the  nozzle  is  att 
airframe  extends  aft  to  Nozzle  Station  11.7  (E.S.  577*bTO)  and  is 
a  right  circular  cylinder.  The  cylindrical  shell  portion  of  the  e 
to  Nozzle  Station  13.7  (E.S,  579* ^70)  where  a  3  l/2-inch  radius  tr 
knuckle  joins  the  cylinder  to  a  convergent  circular  cone.  This  co 
turn  connected  to  the  small  end  of  a  diverging  cone  by  a  double  cu 
tion  section  which  forme  the  nozzle  throat. 

hed  to  the 
eentially 
t  extends 
eition 
is  in 
e  transi- 

From  the  nozzle  forward  station  to  approxima 
inches  aft  of  the  minimum  diameter  section  of  the  throat  the  net  p 
ferential  between  the  nozzle  inner  and  outer  surfaces  is  internal, 
ward  radially.  This  bursting  pressure  decreases  with  distance  fro 
ward  end. 

ly  10.0 

SBure  dif- 
cting  out- 
the  for- 

Because  hoop  tension  varies  directly  with  bo 
and  cylinder  radius,  the  requirement  for  wall  thickness  also  decre 
distance  from  the  forward  end. 

pree sure 
es  with 

Further,  because  joints  are  required  at  inte 
of  the  cylinders,  cones,  and  transition  knuckles,  a  saving  in  stru- 
may  be  achieved  by  progressively  reducing  gages  at  these  points, 
stresses  are  small  compared  to  hoop  stresses. 

ections 
ural  weight 
ial 

6.2. 1.2  Operating  Condition 

Critical  operation  occurs  during  low  altitud 
Mach  3*22  and  1000  feet  on  an  ICAO  Standard  Day.  Pressure  and  tern, 
files  for  this  phase  of  operation  are  presented  in  Figures  108  and 

cruise  at 
rature  pro- 
12. 

The  shell  temperature  is  nearly  constant,  va 
high  of  1225QF  to  a  low  of  1215°F. 

ing  from  a 
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6. 2. l.J  Material  Properties 

The  nozzle  material  is  Rene'  4l  sheet,  solutic  heat- 
treated  at  1975 “F- for  50  minutes,  water  quenched,  aged  at  l650,1F  foi  4  hours, 
and  air  cooled. 


At  1225°F: 


Ft  2f  106,000  psi  (Yield  Stress) 

y 

F*.  =”  160,000  psi  (Ultimate  Stress) 


Stress  Rupture:  1  hr  >  100,000;  10  hrs 
100  hrs  =  100,000  psi 

6.2. 1.I4  Analytical  Factors 

Design  Factor  =  1.15 
Factor  of  Safety  =  1-25 
Weld  Efficiency  =  85  percent 
6.2. 1.5  Analysis  for  Hoop  Tension  Loading 

f  =  £  £ 


100,000; 


and  t  _ 

1.0  X  t  ana  Z  f 


t  required  = 

Ft 

Since  the  operating  temperature  is  relatively  w  for 
this  material  creep  and  6tre6s,  rupture  for  the  life  involved  is  not  :ritical. 
The  design  will  be  based  upon  yield  stress  which  will  be  modified  by  1  1.15 
design  factor  and  an  85  percent  weld  efficiency  factor. 

Ff  =  106,000  psi 

V 

^  „  106.000  X  0.85  _  A 

C !4->-=RP  s  - i - —  =  78,500  - 

1.15 


req.  78,500 

Required  material  thicknesses  are  shown  in  Tab  XXVII. 
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Minimum  Margin  of  Safety  (see  Figure  116) ; 

At  Station  24,  t  rqd  «  0,0765  and  t  epee 


0.08 

MS  <=  0*0765  =  +0‘05 

6*2*1. 6  Analysis  for  Transverse  and  Axial  Loading 

6.2*l*6*l  Discussion 

Axial  stresses  resulting  from  axial  drag  ai 
verse  bending  are  rarely  critical  for  an  exit  nozzle  structure.  He 
or  compression  leading  producing  circumferential  and  radial  stresse 
gage  requirements  and  are  not  additive  to  axial  stresses* 

6*2*  1-6* 2  Axial  Drag  Force 

Critical  leading  occurs  at  Mach  3*22  and  1C 
an  ICAO  Standard  Day.  P  =  367,438-lb  limit  (Reference:  Figure  111) 

6, 2. 1.6. 3  Inertia  Factors 

Referring  to  design  criteria  inertia  facfcoi 
in  Table  IV  for  weapons  ejection  in  lew  altitude  cruise, 

+8.50 
-1.17 

+0*3 
-  0 

6*2*1. 6. 4  Weight  and  Center  of  Gravity 

The  total  weight  of  the  nozzle  and  shroud  a 
1034  lb  and  the  center  of  gravity  is  at  Nozzle  Station  28*75  {E.B* 

6. 2*1. 6. 3  Axial  and  Shear  Stresses 

Critical  loadings  are: 

*  367,438  +  1100  x  0*3  -  367,768 
=  +8.5  x  1100  x  30  =  280, 5CO 
=  8*3  x  1100  =  9350  lb 
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Assume  these  loads  aet  on  the  0.093' 

Rt  =  28.06  in. 

r  =  28.06  +  £—22  =  28.1065 

m  2 

^  M  Paxial 

fb  =  °  “ r~ 


V 

*r  t 


fv  = 


200,500 


Tx  28. 10652  x  0.093 


3m. 


W X  28.1065  X  0.095 

„  _ 2gL76§ _ _ 

TTx  2  x  28.1065  x  0.093 

Combined  axial  stress  -  22,250  + 
Shear  =  11 42  pel 

6.2. 1.6.6  Analysis  Factors 
Design  «  1.15 
Factor  of  safety  *  1.25 
Weld  factor  =  0.85 
MS  (Combined  Bending  and  Axial) 


MS 


106,000  x  0.05  .  _  ,, 

* — - c  =  +  2.33 

23,470  x  1.15 


MS  (Ultimate  Shear) 


F  =  F  x  0.6  =  0.6  x  160,00C 


u 


_  96,000  X  0.85  _  ,  _  , 

143  1142  X  1.25  -  1  -  H1^ 
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age  shell. 

L220  psia 
Lli»2  pal 
22,250  psl 
220  =  23^70  psi 


=  96,000  psl 
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6.2,2  Cone-Cylinder  and  Cone- Cone  Intersections 
6.2. 2.1  General  Discussion 


The  change  of  slope  in  the  shell  membranes  at  a  c  e- 
eylinder  intersection  produces  large  localized  stresses. 

The  required  thickness  of  the  transition  sections  ay  be 
determined  from  Formula  3  of  Para.  UA-4(d),  Page  111  of  Reference  21: 


PLM 

t  “  2  SE  -  ft. 2? 

:  DECLASSIFIED  IMLL 
Authority:  EO 13526 
p  = .  I  85  *  Chief,  Records  &  Declass 
M  +  0  2t  Date:  OCT  0  2  2015 

1/4  (3  +  L/r) 

Internal  pressure,  psi  (use  100  psi  as  conservative  average) 
Material  thickness 


Maximum  allowable  working  stress,  psi 

Lowest  efficiency  of  Joint:  8C$  (Refer  to  Para.  UW-12,  Reference  21) 
Inside  spherical  or  crown  radius,  inches  (16.485  in.) 

Inside  knuckle  radius,  inches  (21.48  in.) 


(Reference:  Figure  UA-4  (3),  Page  110  of  Reference  ?l) 
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L  = 
r  = 
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The  actual  exit  sha.-e  Is  as  follows : 
A  -  Cone  Knuckle 

Throat 


Section  A  conforms  to  code  shape,  hut  Sec 
versed  in  that  the  section  representing  the  head  is  smaller  rat 
than  the  cone.  The  theory  still  applies,  however,  since  the  cc 
small  and  the  transition  fairly  flat. 


6.2. 2. 2  Ho2zle  Throat 


S 

5 


The  gage  chosen  for  the  convergent  cone  and  w  rnroat 
divergent  aft  cone  is  0.o6;>  inches. 
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By  proportion,  x  147,372  =  25,200  psi.  At  the  throat  where  «  16.1 

inches,  the  bending  moment  is  approximately  225  lb  x  8.5  gs  x  32  in.  =  L,200 

in/lb  (assume  acting  at  Joint  with  aft  cone) 


fh  ft r2 1  "  rr*  (i6.i)2  x  0.063  1,195  P3i 


M 


6lj 200 


The  axial  drag  is  35 >650  lt>* 

4  f  -  , 

t  2  x  16.1  £  O.O63 


55 >650 


=  16,600  psi 


+  h  =  17,800  psi 


Transition  stress  +  f^  +  =  25,200  +  17, 8C  = 

43,000  psi 

Ft  =  106,000  psi  and  °-*-8  =  73,70c  si 

y  1.15 


MS  = 


73,700 

437000 


-  1  ■  +0.71 


Notes:  1.  This  analysis  is  conservative;  the  un  "orm 
pressure  of  100  psi  is  greater  than  t  ?  ac¬ 
tual  average  pressure,  and  the  axial  >ad 
effect  was  included  in  the  original  s  .u- 
tion  for  t  reqd. 

2.  For  an  analysis  of  bursting  hoop  stre 
refer  to  Para.  6.2.1. 

6, 2. 2. 3  Convergent  Cone 

The  required  thickness  of  the  conical  portion  is  «  ter- 
mined  by  Formula  b  in  Section  UG-52-g  of  Reference  21: 

PDi 


2  cos  oC  (S  E  -  0.6  P) 

.  30°,  cos  cC  =  0.866  and  2  cot,  -  1.732 

E  =0'8°  DECLASSIFIED  81^9  FMLL 

P  «  200  psi  (assumed  Authority:  EC  13526 

n  =  is  o  ’  Chief,  Records  &  Declass  Dint 

°l  18  0  lnch“  Date-  OCT  0  2  20)5 
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S  =  106,000  /  1.15  *  92,000 

aoo  x  18 


3600 


req"  1.732  (92/000  X  0,8  -  0.6  X  200)  L.732  X  73,1+80 

=  0.0284 
0.08 

MS  “  0T02B5  -  1  =  +1-82 

6.2.2. 4  Forward  Cylinder  -  Convergent  Cone  Inters  ;tlon 

Refer  to  Reference  21,  Section  UA-4-d,  Ec  ition  3. 


t  s> 


200  x  5Q.1  x  1.409 


P  =  200  pel 

E  ^  0.8 

S  «  106,000/1.  1  =  92,000 
%£°— i.rt  -  ttP£  .-  =  0.0578 


(2  x  92,000  x  0.8)  -  (0.2  x  200)  =  147,000  -  40  "  TUSTS 
0.08  . 

MS  "  3.6^78  "  1  c 
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6.2,3  Divergent  Exit  Cone 

6. 2. 3*1  General  Disc use Ion 

The  exit  internal  pressure  decreases  rapidl 
forward  cylinder ,  and  approximately  10  Inches  art  of  the  nozzle  t. 
leas  than  that  of  the  annulus*  Most  of  the  divergent  cone  sectio 
ed  to  collapsing  pressure. 

6.20*2  Design  of  Cone 

The  weight  of  a  cylinder  subjected  to  an  ex 
lapsing  pressure  may  be  minimized  by  stiffening  a  thin  shell  with 
rings  that  hold  the  shell  essentially  round.  The  flexural  rigidi 
combination  must  equal  that  of  the  minimum  momolithic  shell  that  • 
the  required  pressure. 

As  the  shell  thic'Kness  decreases,  the  requi 
of  the  rings  increases.  The  optimum  combination  for  minimum  vexg. 
determined  by  trial.  Preliminary  calculations  indicate  that  a  O.i 
proaches  the  optimum  requirement . 

In  the  following  analyses  a  0.06}  gage  of  R< 
be  analyzed  without  stiffeners  to  determine  the  strength  of  the  s: 

The  material  to  be  used  is  Rene1  hi  sheet,  : 
treated  at  the  mill  and  solution  heat-treated  by  Marquardt  at  197‘ 
utes),  water-quenched,  aged  at  l650°F  (4  hours),  and  then  air  coo 

6.2*30  Pressure  and  Temperature  Data 

Operation  in  low  altitude  cruise  phase  at*  M? 
1000  feet  on  an  ICAO  Standard  Day  produces  critical  pressure  temp* 
ing  (see  Figures  108  and  112).  Pressure  and  temperature  data  fol 

Engine  Station 
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must  be 
3  gage  Bp¬ 
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Lution  heat¬ 
s’  (30  min- 
i. 
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6 13 .  412 

623.416 

633.416 

643  *  4 16 

653  •  4l6 

662 

i 

668.070 

Annulus 

Pressure  (psia) 

60.22 

60.22 

60.22 

60.22 

60.22 

59 

3 

14.00 

Nozzle  Internal 
Pressure  (psia) 

109.00 

60.22 

37.75 

28.50 

23-50 

20 

3 

19-75 

Nozzle  A»p 
(j®i) 

+48.75 

0 

-22.49 

-31.72 

-36.72 

-38 

3 

+5-75 

Nozzle  Internal 
Radius  (in.) 

15.656 

17-80 

20.41 

22.75 

24.46 

26 

L 

27-259 

Nozzle 

Temperature  (°F) 

1220 

1225 

1230 

1245 

1280 

135C 

1450 

The  shell  axial  length  is  39*05  inches. 
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6.3.5.14  Analysis  of  Ring-Stiffened  Cone  for  Exte 

The  methods  employed  in  Reference  22  fox 
collapsing  pressure  of  thin-walled  cylinders  vith  ring  stiffer 
ployed  to  determine  the  size  and  location  of  rings  required. 

The  shell  is  assumed  to  be  divided  into 
shells  whose  lengths  are  the  distance  between  rings.  This  aes 
veil  and  is  conservative  for  a  conical  shell. 

6,2.3.14.1  Ring  at  Station  66q. 320 

The  height  of  the  ring  to  be  used  must 
the  ring  will  interfere  vith  the  cooling  annulus  airflow. 

Shell  inner  radius  ^  26.18  inches 

Differential  pressure  for  Mach  3.22  at 

ICAO  Standard  Day  =  -39*22  pai 

Shell  temperature  =  1325°F 

E  of  Rene'  41  ~2lt.3  x  106 

The  height  of  a  stiffening  ring  is  lim 
inches  by  the  annulus  airflow  requirements. 

6. 2. 3-1*. 1*1  Ring  Section  Properties 
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30  t  =  1.89  inches. 


Assume  effective  shell  width  acting  with  rinj  as 

2 


Item 

Area 

Y1 

AY1 

AY1 

^•ox 

1 

0.0572 

0.9426 

0.053B 

0.0507 

0.0003 

2 

0.0422 

0-532 

0.0211.5 

0.01142 

0.000982 

3 

0.02106 

0.10653 

0.00224 

0.0002385 

0.00006 

4 

O.0636 

0.103 

O.OO656 

O.OOO67 6 

0.000034 

5 

0.1190 

0.30306 

0.0315 

f 

O.OO376  ' 

O.O878I 

0.0001182 

0.0631527 

0.0000396 

0.0014156 

y  =  0.08781/0.30306  =  0.29  in. 

I  =  0.0631527  +  0.0014156  -  0.29  x  0.08781 
0.0392  in4 

i  ' 

*  6.2. 3. t*. 1.2  Required  Flexural  Rigidity 

For  the  case  of  a  ring-stiffened  cylinder,  rt  sr  to 
Section  IV,  Page  36,  of  Reference  23-  The  shell  is  assumed  divided  int  a 
series  of  short  shells  whose  lengths  are  the  distances  between  rings.  le 
flexural  rigidity,  Els,  of  the  combined  ring  stiffener  and  shell  requii  1  to 
prevent  collapsing  from  an  external  pressure  is: 


El. 


Ws  D5  Ls 

TS 


where 

I5  =  Required  moment  of  inertia  of  stiffener  and  effective  width  of  shell 
E  -  Modulus  of  elasticity  of  material  =  2*4.3  x  10^ 

D  =  Cylinder  outer  diameter  -  52.486  in. 

Lg  -  Ring  spacing 

"s  =  Maximum  allowable  unit  pressure  =  39-22  psi 

For  Station  660.320,  the  ring  is  placed  close  <0  the 
thickened  throat  section.  Ihe  adjoining  ring  forward  on  the  shell'  is  s  iced 
6.0  inches  away. 
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SECRET  flESTHieTCD  DATA 

•MMff  wit  ui  'ijyg 


ipon. 


60Q3 


Tj  =  1350°F  and  E  =  24.5  x  106 
D5  «  144,000 

59.22  x  144, COO  1^ 


Z  =  0.0592 


24  x  24.5  x  10 
L  -  4.05  in. 

Brcq. 

Since  the  shell  width  between  the  m 
ring  is  small,  the  stiffening  effect  on  the  shell  iB  greater  1 
spacing  were  used  on  both  sides.  A  ring  spacing  of  six  inchef 
utilized  to  the  next  forward  ring. 

Spacing  to  thickened  aft  section  =  t 


Spacing  to  forward  ring  -  6.00 

Average  spacing  =*  *4 .05  in. 

Since  a  high  margin  of  safety  was  ot 
thickened  aft  section,  the  shell  ie  fully  effective  over  the  i 
at  Station  660.320,  and  the  section  is  sufficient. 

6. 2, 3.4.2  Ring  at  Shell  Station  651,520 

Shell  I.R,  =  25.20  in. 

O.R.  *  25*2^5  in. 

O.D.  =  50.526  in. 

^  p  *  60.22  -  23.5  “  36.72  psi 

T  =  1285°P  (Use  13006F) 


&le  and  the 
m  if  an  equal 
is  therefore 


?.Vf  -  660.320 
L5 


lined  on  the 
ice  to  the  ring 


E  -  25  x  lO1 


,6 


Lg  -  6.0 


req. 


-  36.72  x  50.526  x  6.C 

24  x  25  x  106 


A  ring  section  similar  to  that  used  at 
will  be  utilized  with  an  over-all  height  of  1.5  inches  and  mat 
0.063.  An  effective  shell  skin  width  of  2.5  inches  is  assumed 
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=  0.0475  in. 

Station  660.320 
,’lal  gage  or 
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FOf 

Itezn 

Area 

n 

A^i 

A72 

I0X 

1 

0,0433 

1.5469 

0.0670 

0.1033 

o.ooos; 

2 

0.0668 

0.7505 

0.05025 

0.0377 

0,0062! 

3 

0.01579 

0.14967 

0.00236 

0.000354 

0.0000' 

k 

0.0512 

0.0945 

0.00483 

0.000456 

0.0000 

35 

5 

0.1575 

0.0315 

0.00496 

0.0001562 

0.0000: 

2 

0*33459 

0.12940 

0.1419666 

0.0066 

15 

? 

=  0.1294/0.33459  = 

0.3875  in- 

6003 


Ix  =  0. 1419666  +  0.00661915  -  (0.3875  x  0.1;  4) 

=  0.11849  In.1* 

Ix  =  0.1185  >  0,0475  required  for  6.0  in-  sj  :ing; 
therefore,  space  3rd  ring  at  8.0  inchet  from 
this  Second)  ring. 


fe 


—  ,Q-L185_  ,1b  +  0Q9 

0.0475  x  1.29  1  °'99 


6. 2, 3-4. 3  Ring  at  Shell  Station  646.320 
T  -  1252  "IP 

Inner  radius  =  23-69;  outer  *>  23.75;  O.D.  =  f.50 

Exit  pressure  »  +  27  psia 
Arlnul us  pressure  =  **  60.22 
Ap  -  -  33.22  pel 

E  Of  Rene1  41  =»  25-5  x  106  at  1250’F 
I  a  0.1185  in. 4 

0.1185  x  24  x  x  106  =  20<ll 
33-22  x  47. 5^ 


°req 


For  La  «  8.0  in. 

=  33-22  x  4? -5s  X  8 
3req  24  X  25.5  X  10& 

mo  0.1184 

*  0.0465  X  1T25  "  1 


0.0463  <  0.1184 


4  1.0 


Space  next  ring  at  10  inches. 
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6. 2. 3. 4. 4  Ring  at  Shell  Station  636.320 
Exit  pressure  =  +  5 4  psla 
Annulus  Pressure  =  -  60.28  psia 
Ap  =  -  86.22 

Inner  radius  =  21.52;  outer  =  21.583; 


0?  =  1233°F  (Use  1250) 
E  =  25.5  x  106 


Qreq 


,  g^.2,xj2J7  XglO  „  0>0535  , 


2b  x  25*5  x  10 


Section  properties  of  1  l/8  inch  ring 


I  -  0.0455  In.'1  with  2.35  In.  effect 

I  -  0.0455  >  O.0333  req.. 

0.0453 

MS  =  -  -1  *•  +  0.085 

0*0335  x 

6.2*3«1*‘5  Shell  Stations  623^16  to  636*320 

At  Station  623J1I6  10  inches  aft  of  th 
annulus  and  exit  pressures  balance  and  the  cylinder  is  subject 
al  pressure. 


At  Station  635,kl6,  10  inches  further 
psi  exists.  A  ring  is  located  at  Station  636 .320.  The  averag 

is  9  t. jS *??  *  12.61  psi.  The  average  radius  is  -39.— 

The  length  is  10  inches . 

By  the  method  of  Reference  22, 

D  2  (l8.35  +  O.O63)  36.826 

t  *  0.063  =  "053  * 


L 

R 


10 

157155 


o.55 


K  >  200 

wc  =  25-5  X  106  x  200  x  = 


Wo  rings  are  required  In  this  area. 
MS  =  12.61  x  1 .P^  1  =  +  0.6l 
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throat,  the 
.  to  zero  radi- 

't  a  4p  of  23.22 
shell  pressure 

=  18.33  m. 

•5 


.5  pal  >  12.61 

•  23-33  psi 
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6.20*5  Stiffening  Angles— Stiffening  Crippling  Strest 

Analysis  by  the  methods  given  in  Reference  23 -  Refer  to 
Figure  11,  page  228  of  Reference  23  for  equivalent  aectione. 


0.18  R 


Material  ia  Rene1  1*1  sheet  of  0.08  gage;  tempe  itura  is 
l400°F;  E  -  24.8  x  10°. 

Material  treatment  ia  aolution  heat  treat  at  1  '5°F  for 
30  minutes,  water  quench,  age  at  l650°F  for  4  hours  AC. 


FCy  =  118,000  pel 


pcc 


where 

F„ 


. . . ^ . . 

(b’/t)0*^  Equation  13,  page  229  of  if- 
erence  23* 


for  individual  angle  sect  me 


E  -  Young's  modulus  in  compression 

b'/t“  Equivalent  b/t  o  ~  .t  ft 

2  t 

Ce  =  Edge  support  coefficient 
C  -  0.316  for  2  edges  free 

Q 

=  0.342  for  1  edge  free 
«  0.366  for  no  edge  free 
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The  weighted  crippling  b trees  for  stiffei 
of  several  equivalent  angle  sections  ie: 

F  =  Xss^s&  l°**S  « ZE&£2l  Reference  25, 

c  2.  (areas  of  azoles) 

Vf^~E  =  V n8,000  X  24.8  x  106 

=  y2, 820, 000, 000  =  530,000 

Item  1  Pc  -  mm  „  £LM  m  t6,700  psi 

C  (a. 85)  °-75  2'10 

Item  a  FCe  -  mm  .  .  5l4>000  P81 


0*.55) 


0.75  3-6 


Item  5  Fcc  -  <^h0gS  =  i21*i022  *  13,000  pel 
6.90*75  *-5 


y  combined  =  H^JPP..  Mil  1^92  £  0  JgTl  ±Ahh£ 

c  (0.454  +  0.727  +  1.105) 

r  2h£22.  +  39.300  +  47,500  _  131,600 

2T28S  Tm 

=  55,000  pel 

Area  of  ring  and  skin  at  Station  660.520 

p  =  -  59-22  psi 

Ring  spacing  -  6.0  in. 

P  =  p  RS  =  39.22  x  26.18  x  6  -  6130  1 

P/A  =  »  20,200  psi 

0*303 


gjOOO 


-  1  =  +  1,09 


20,200  x  1.25 

Hinge  at  other  stations  are  of  smaller  di 
less  heavily  loaded;  they  are,  therefore,  satisfactory  by  compa 


BMP IgJBf 


39 


iirotr  6P.Q3 


*b  consisting 


»ge  229 


>  x  1.105) 


0.503  in.2 


.eter  and  arc 
eon. 
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6.2. 3«6  Exit  Nozzle  Divergent  Cone- transverse  and  Ax 

The  cone  is  loaded  transversely  and  axially  b 
forces  and  axially  by  pressure  forces*  Since  the  cone  acts  sb  a  va 
tion  cantilever  beam  with  the  reduced  area  forward;  the  critical  se 
at  the  forward  end  station  where  the  shell  gage  changes  from  0.Q8  t 
(Station  623.416). 

6, 2. 3*6,1  Axial  Air  load 

Maximum  axial  air  load  occurs  in  low  altitu 
Mach  3.22  and  1000  feet  on  an  ICAO  Standard  Day.  The  total  aft  axi 
33 $ 630  pounds. 

6. 2. 3*6.2  Dead  Weight  and  Center  of  Gravity 

The  weight  of  the  divergent  cone  aft  of  the 
throat  minimum  diameter  area  at  Engine  Station  613.M7  1b  <^223. 6  3. 
assembly  weight)*  The  assembly  center  of  gravity  is  located  32.6  i 
the  throat.  The  weight  of  the  O.C8-inch  section  is  3338.1  lbs,  an 
5.8  inches  aft  of  the  throat, 


6. 2, 3* 6. 3  Weight  and  CG  of  0,063-ln.  Section  Aft  of  S 
623.415 

W  =  223.6  -  38*1  =  183.5  lbs 

*  (223*6  x  52.6)  -  (38.1  x  5-8)  ^  7680  - 
-  15575  ^185. 

-  40,2  i 


Arm  to  8tation  520,412  =  40.2  -  10  =  30.2  i 
M  «  185.5  x  30,2  »  5600  in.»-lbB  (dead  weig 
V  «  185.5  lbs 

6l2.3.6.4  Inertia  Load  Factors 

The  critical  combined  y-z  load  factor  act in 
missile  center  of  gravity  is  3^5*0  g.  A  conservative  value  of  10 
the  exit  nozzle  is  assumed  for  this  analysis. 


6, 2. 3. 6. 5  Transverse  Shear  and  Bending  at  Station  625 


cylinder  ist 


The  bending  stress  at  a  section  in  a  right 


M 

77V2 1 


i 


yoiT-jcg? 


,1  Loading 

inertia 
able  sec- 
ion  occurs 
O.O63 


cruise  at 
load  - 


.ozzle 
(total 
hes  aft  of 
its  CG  Is 


tion 


21. 


) 


at  the 
acting  on 

16 
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For  a  truncated  cone,  £V  c  Sec 
angle  between  the  axial  center  line  and  meridional  lines  In  t 
ing  a  straight  surface  between  throat  and  exit, 

/?  =  10°55’* 


Sec  ft  = 


=  1.02 


Cos^?  0.98190 
H  at  Station  623. hl6  ^  IT. 5  inches 


f  e  _ M _ 

b  77  x  35s  x  0.063 


M 

242 


fb. 


0.00422  M 


For  a  1.0  g  inertia  =  0.00422  x  5 
10  g  *  236  poi 

The  transverse  shear  stress  at  Statio 
V1 


T^rt 


where 
vi  - 
for  1  g 


M  tan  /? 

•  >,  ■  ■  ■  «  ■ 

r 


V,  =  185.5  -  ■-  P’lrSSQj-  =  185.5  -  61.7  =  123.8  lbs 

17.5 

123.8 


fB  = 


Tf  x  17*5  x  0.063 


=  35.7  psi  for  1.0  g 


=  357  J»i  for  10  g 

6. 2. 3*6. 6  Axial  Air  Load  Stress 

Total  air  load  at  throat  -  33*650  l"bs 
tion  is  obviously  over  strength,  assume  the  same  load  at  Stat 

Section  area  =  (2  x  17*563)/?^  x  O.O63 

P/A  =  23x650  _  kl8o  p6l 
7.05 
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where  1b  the 
3hell.  Aesum- 


0  =  23.6  pel 


623.416  is: 


Since  the  eec- 
n  623.416. 

7.05  in-2 
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6. 2-3. 6. 7  Combined  Axial  Stress 


Conservatively  utilizing  an  inertia  load  facto 
g,  the  full  cone  drag  load,  and  a  design  factor  of  1.15,  the  design  lii 
is: 


ft  -  (23 6  +  4t8o)  (1.19)  *  5TTO  psi 

6. 2-3*6. 8  Material  Properties 

The  temperature  at  Shell  Station  623*4l6  is  12: 
the  Ftv  of  Rene'  4l  sheet  is  107,500  psi. 

V 

Assuming  a  weld  joint  efficiency  of  85  percent 
Ftu  »  150,000  psi 

Assuming 

pSu  =  °*5  *tu' 


Fsu  =  75,000  pel 

6,2, 3*6. 9  Margins  of  Safety 

MS  Combined  Tension  Yield  =  107,500  ..  1 

5770 

_ _ _  ,  _  .  4  150,000  x  O.85 

MS  Combined  Tension  Ultimate  *  r  7C - 

5016  x  1.25 

MS  Ultimate  Shear  =  -  1  +  High 

357  x  1.25 

Note*  Loads  utilized  in  this  analysis  of  comb, 
ial- transverse,  while  not  the  true  values,  were  obviously  conservative, 
view  of  the  high  margins  obtained  are  deemed  sufficient. 

6. 2. 3* 7  Exit  End  Doubler  Bing 

6,2. 3*7*1  Discussion 

From  Exit  Station  662.470  to  the  aft  end  at  SU 
668.070,  a  l/4-inch  thick  plate  ring  is  utilized  to  stiffen  the  unsuppc 
open  end  of  the  O.O63  gage  conical  shell  (Figure  117).  A  similar  ring 
vided  on  the  airframe  shell  that  encloses  the  nozzle. 

The  annulus  formed  between  these  shells  is  uti: 
a  cooling  air  duct.  The  shells  converge  toward  the  open  end,  and  by  tt 
the  end  portions  of  the  stiffening  rings  a  convergent  .-divergent  coolinj 
haust  nozzle  is  formed. 
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6. 2. 3*7*2  Pressure  Loading 

The  divergent  cone  is  subjected  to  a 
lapsing  pressure  differential.  The  critical  pres sure- tempex 
occurs  during  low  altitude  cruise  on  an  ICAO  Standard  Day  at 
feet.  Pressure  profiles  for  the  operation  are  presented  in 
following  are  data  from  these  curves: 

Exit  Station 


iet  external  col¬ 
ours  combination 
tach  3*22  and  1000 
.gure  110.  The 


662.470 

665  .V70 

666.97 

668.070 

Annulus  pressure,  paia 

-59.0 

-54.7 

-48. 5 

-14.00 

Nozzle  pressure,  psia 

+20.2 

+20.0 

+20.  C 

+19-75 

Ap  on  nozzle 

-38.8 

-34.7 

-28.^ 

+  5.75 

The  axial 

forces  acting  on  this  smal 

section  are 

ligible. 


6. 2. 3*7*3  Temp  eratur e 


The  temperature  through  the  shell  th 
uniform.  The  temperature  profile  for  Mach  3*22  at  1000  feet 
ard  Day  is  presented  as  Figure  112.  Values  for  the  ring  are 


Exit  Station 

662.470  663*  470  656.97 

1330  1392  1423 


knees  is  assumed 
*n  an  ICAO  Stand- 
s  follows: 


668.070 

1430 


Temperature,-  °F 
6. 2. 3- 7*4  Material 

The  material  i3  Rene’  4l  plate,  mill  nnealed  and  proc¬ 


ess-treated  as  follows ; 

Solution  heat-treat  at  1973°F  (30  mi 
quench;  age  at  l650°F  (4  hours);  air 

6,2. 3*7*3  Analysis  by  Method  of  Reference  g4 

In  this  report  Donnel's  equation  for 
cylindrical  ohcllc  in  torsion  is  applied  to  find  the  critica 
other  loading  conditions  for  cylinders  with  simply  supported 


tes);  water 
ool. 


he  equilibrium  of 
stresses  under 
dgee. 
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6.2.3*7«6  Critical  Buckling  Stress  for  Uniform  External 

Pressure  applied  to  entire  outer  surface  radia 
open;  edges  simply  supported. 


Solve  for  nondimenaional  "buckling  parameter, 

“5 


Obtain  buckling  constant, 

v  „  t  (JlsL) 

V  fy  lD  ^2J 

Solve  for  ty  »  critical  compressive  hoop  strea 

Values  apply  where  r.  »  1  <  2 

D  »  plate  flexural  stiffness /unit  length  =  - 

12 


Assume 

A  =  0.3 
t 
L 


0.25  in. 
6.0  in. 


r  «  26.9  in.  (average) 

S  «  at  1575°F  (average)  *=  24.3  x  10^ 

D  =  ft*  *  106  *  (°.-2^5  .  34, too 
12  (1  -  0.32) 

r2TT9'S6(0.25)  ^  (l  -  0-38)=  5.09 


Z  - 


r/t  \Al  -/(? 


2^2  x  0.951  =  102.2 
0.25 

From  Figure  1  of  Reference  21*: 

ky  =  4.7 


ycr 


(-  kg) 

XD  TT?f 


JljL 


=  bl  *  Ih. 

/  0.25  X  6g  .  "  0.25  X 

34,700  x  TF1 


I 


*  178,000  psf 
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yj>  psi  over  ring  width. 


I'or  f  (hoop  compression) ,  assume  aver: 


35  x  afi.g  M 


3770  psi 


0.25 

Design  factor  «■  1-15 

Factor  of  safety  =  1.25 

MS  (Ultimate) 


178,000 


-1  =  Hig 


3770  x  1.25 

6, 2. 3. 7*7  Analysis  by  Method  of  Reference  5 

Refer  to  Reference  5j  page  270.,  Case  1 
This  theory  applies  to  a  more  concentrated  loading  than  the  ac 
A  conservative  assumption  will  be  used  in  which  the  entire  pre 
the  ring  is  concentrated  at  the  end. 


Then: 
Max  o 


-2  V, 


s  Ar 


transverse  shear  normal  to  wall 


A  V  R  2  t2 


2 

A 

t 


R  *»  mean  radius  of  shell 
Poisson's  ratio  «■  0*3 
0.25  in. 
hoop  stress 


5  (1  -  0.32 


26. 92  x  0.2? 

(f^f)  ^  =  (0.6) 


l/h 


=  0.88 

VQ  =  p  (assume  33  P&i  average  for  l.( 

SP  =  '  ^0*25^  x  *  26.9  "  6620  ps; 

Station  662.  VfO  to  668. 070  *  5.6  inchcc 

■SECftgffiSTniGTD)  l>Afft 

diywtiwurnrrr.  nn~  nf  iQrt 


WMt  ^SPJ. 


e  pressure  of 


Table  XIII. 
al  case  involved, 
ure  acting  on 


lbs/in 


) 


Inch 


width) 
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If  it  1b  a? Burned  that  the  entire  load  is 

at  the  end: 

V0  =  5.6  x  55  x  s2  =  5.6  x  6620  =  37,000 

rt  of  Rene'  1*1  at  l!*50°F  =  127,000  pai  ( 

y 

Design  factor  »  1.15 

MS  (Yield)  =  -  H&L2.9S -  -1  =  +  1.98 

37,000  x  1.15 

6,2.4  Ejector  Shroud  (Nozzle  Inner  Liner) 

6.2.4. 1  Discussion 

The  inner  liner  acts  aB  a  second  nozzle  and 
to  the  exit  nozzle  throat.  It  serves  as  a  heat  shield  between  th 
and  the  primary  nozzle.  Airflow  from  the  lateral  support  annulus 
tween  these  exit  nozzle  shells  and  used  for  nozzle  cooling. 

Exit  nozzle  exhaust  flow  pressure  is  less  t: 
the  cooling  annulus.  The  shroud  is  subjected  to  a  collapsing  pre 

Radial  components  of  pressure  loadings  are 
in  the  shroud.  Axial  components  are  transferred  to  the  exit  nozz 
throat  by  means  of  radially  oriented  pin  and  socket  supports.  Ax 
forces  are  reacted  similarly.  The  shroud  actB  as  a  simply  suppor 
transfer  radial  inertia  loads  tb  the  exit  throat  and  the  airframe 
tor  aft  end. 

6.2.4. 1.1  Method  of  Analysis 

Analysis  of  the  cylindrical  and  conical  e 
on  the  methods  of  Reference  22  previously  utilized  in  Section  6.2 
vergent  cone  aft  section  of  the  exit  nozzle. 

6. 2. 4. 1.2  Operational  Regimes,  Pressure  and  Tempera 

Critical  pressure  and  temperature  regimes 
low  altitude  cruise  operation  at  Mach  3.22  and  1,000  feet  on  an  I- 
Day. 

Data  related  to  this  operational  phase  of 
are  presented  in  Figure  100  and  in  Table  XXVII. 

6.2.4. 1.3  Materials 

The  material  used  is  Rene*  4l  sheet  stock 
solution  heat  treated  at  19Y5°F  for  30  minutes,  water  quenched,  a 
for  4  hours,  and  air  cooled.  The  following  strength  values  apply 
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nperature 

(M 

Fty  x  10"5 

E  x  10"6 

f 

i' 

1350 

104.8 

25 

ji 

i4oo 

102 

24.3 

1 

1450 

99 

23 

1500 

9'6 

21.5 

1350 

93 

19.5 

Assume 


=  F+ 


My 

Pe  =  0.6  Ft 
Bu  Lu 

6.2.4. 2  Analysis  of  Forward  Cylinder 

(The  forward  22.25  inches  of  the  liner  it  i  right  circular 
cylinder  with  an  I.D.  of  53-5  inches.  The  open  end  is  stiffei  t  by  a  heavy 
doubler  ring  and  is  simply  supported  in  the  radial  direction  t  the  flange  of 
the  support  ring  attached  to  the  airframe.  The  liner  ring  slj  js  inside  this 
ring  and  is  unrestrained  in  the  axial  direction. 

Critical  operation  occurs  in  low  altltuc  cruise  at  Mach 
3*22  and  1,000  feet  on  an  ICAO  Standard  Day.  The  net  differei  _al  pressure  be¬ 
tween  the  inner  and  outer  shall  surfaces  is  compressive  and  ve  .es  from  66  psi 
at  the  forward  end  to  26  psi  at  the  aft  end. 

Utilising  the  methods  of  Reference  22: 

L  =  22.25  in. 

R  =  26.75  in. 

h/B  =  ?2:2?  *  0.835 


22.25 
26.75 
D  *  5300  in. 

The  average  shell  temperature  is  1350*F  &  E  is  25  x 


10^  psi. 
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t 

D/t 

K 

t/D 

(t/Dp 

w9 

(ill) 

0.063 

850 

220 

0.001178 

1.63'^ 

8.95 

0.080 

667 

190 

0.001493 

3-34'9 

15.85 

0.093 

576 

175 

0.001735 

5.23’9 

22.95 

0.109 

1*90 

160 

0.00204 

9.45"9 

37.80 

0.125 

428 

140 

0.00234 

1.285'8 

45.10 

0.156 

3'(3 

135 

0.00292 

2.5-8 

84.2 

0.1875 

285 

130 

0.00351 

4.32"8 

140.5 

The  forward  edge  of  the 

shell  aft 

to  Station 

0-lft75  gage  material.  Ring  grooves  are  machined  in  this  area  to  px 
pressure  seal,  but  the  majority  of  the  section  is  full  thickness. 

Maximum  p  =  66.0  psi  at  the  forward  end 

MS  (t  =  0.1875)  =  -  — - 1  =  0.70 

66  x  1.25 

The  shell  is  spin-formed  and  is  assumed  taper 
thickness  from  0.l8?5  at  Station  568.-47  to  0*125  at  Station  580.47, 
51  pel  and  Wc  =  4-5*10  psi 

MS  (t  =  0.125)  =  - - 1  -  +  0.16 

31  x  1.25 

6.2. 4.3  Analysis  of  Aft  Cone  (convergent) 

Analysis  methods  are  those  utilized  in  the  st 
exit  shell  (Refer  to  Paragraphs  6.2.1  and  6.2.3). 

L  **  18.0  inches 

R  fwd  =  27.5  inches;  r  aft  =  18.25  inches; 

23.0  inches 

Average  temperature  =  1450 °P 

E  of  Rene'  4l  ^  23  x  10^  psi 

L/R  =  —  «  0.782 
23 

■SECRET  REDf RIOTED  DMA 
■  iiiTimi  eimwOTieT  or *314 


)Kht^6003 


18.47  is 

ide  a 


in 

here  p  = 


y  of  the 


erage  r  - 


-  96  - 


DECLASSIFIED  SMI! 
Authority:  EO  23523 

Chief,  Raconis&pecfas 


Dousamumt-m 
Authority:  EO 13526 
Chief,  r  '  "  ‘ 

OCT  0  2  2015 


ASD-TOR-63-277  *  M*  IV 


^ECRg^tfATRILILUTTA'Itf* 
i mini  vmm  wprui»  iiijii 


HKrt?„ 


6005 


t 

D/t 

K 

t/D 

(t/D)3 

/c 

(pel 

0.063 

730 

225 

0.00137 

2.58-9 

13.4 

0.080 

575 

200 

0.00173 

5.17-9 

23.8 

0.093 

495 

185 

0.00202 

8.22-9 

55-0 

0.109 

422 

175 

0.00237 

1.33-8 

53.5 

0.125 

378 

160 

0.00272 

2.  or8 

74 

At  the  forward  end,  p  =  27  poi  and  R  « 
At  the  aft  end,  p  »  44.3  and  R  -  18.27 
For  a  23- inch  average  R,  Wc  *  74  pel  fo 
Wc  for  R  =  27*75  on  the  forward  cylinde 


MS  (forward  end) 


43.10 

27  x  1.23 


-  1 


At  the  aft  end  the  radius  of  18. 25  will 
Wc  than  the  74.0  pel  for  the  average  R  =  23.0  inches.  The  Wc 
inches  in  the  throat  area  is  greater  than  100  psi.  The  0.125 
is  deemed  satisfactory. 


.75  inches. 
cheB . 

a  l/8- inch  gage. 
=  45.10  psi. 

533 


rovide  a  higher 
alue  for  R  =  16.O 
age,  therefore, 


MS  a 


74 


-  1  «  +  0.3? 


44.3  x  1.25 
6. 2. 4. 4  Analysis  of  Throat  (Aft  End) 

The  axial  length  from  the  point  of  tang* 
vergent  conical  shell  to  the  open  aft  end  is  approximately  10 
ation  in  shell  radius  is  small,  and  the  average  radius  is  l6.( 
imum  collapsing  pressure  is  140  psi  at  the  throat  raid-point  ai 
zero  at  the  open  end  (see  Figure  llB). 

Utilizing  the  method  of  Reference  22, 

L/h  =  -i-  =  0.625 

l6 

ABBuma  t  «  O.IO9  in., 

D/t  =  -2£-  =  293,  K  "=  225 

1109 

t  =  1350°S>  maximum  and  E  =  19-5  x  10^ 

(^)5  *  -  3 -9T  x  10*® 


zy  with  the  c  Qu¬ 
iches.  The  vari- 
inches .  The  max- 
decreases  to 


*i  minimum 


225’x  18.5  X  106  X  3.97  X  10-8  =  31.5  pai  >  140  psJ 
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Using  t  =  0.125, 

D/t  =  3££-  = 

'  0.125 

t/D5  =  5.93  x  10 


256,  K  ~  210 


-8 


Wc  =  210  x  19.5  x  10°  x  5-93  x  10'8  r.  2145  p 


NS 


243 


-.1  =  +  O.39 


140  x  1.25  ' 

6.2.5  Analysis  of  Exit  Kozzle  Attach  Joint 

6. 2. 5*1  General  Discussion 

The  exit  nozzle  is  cantilevered  from  the  airfr 
aft  face  of  the  reactor  where  it  is  attached  by  a  quick  disconnectin 
joint  consisting  of  an  airframe  ring,  an  exit  nozzle  ring,  a  locking 
a  split  ring  retainer  (see  Figure  107). 

The  exit  nozzle  and  locking  ring  are  threaded, 
tainer  ring  is  fastened  to  the  locking  ring  with  3/8- inch  diameter  s* 

The  attach  ring  is  subjected  to  ( l)  the  axial  1 
and  inertia  forces  acting  on  the  exit  nozzle  assembly,  (2)  a  differe: 
pressure  between  its  circumferential  surfaces,  and  (3)  the  transverse 
and  bending  moments  of  the  inertial  loads  on  the  nozzle. 

6. 2. 5-1*1  Design  Loads, 

Critical  pressures  and  temperatures  occur  du: 
altitude  cruise  operation  at  Mach  3-22  and  1000  feet  on  an  ICAO  Stanc 


e  at  the 
ring 

ing,  and 


The  re¬ 
ar  bolts. 

r  load 
ial  air 
shear 


ng  low 
rd  Day. 


The  net  axial  drag  force  acting  on  the  nozzlf  assembly, 
nozzle  and  liner,  at  the  attach  Joint  is  367,438  pounds  (limit). 

The  nozzle  assembly  we-'Jit  is  1054  pounds,  ai  the  in¬ 
ertial  load  factors  are  gx  =0,  gz  0  8-5,  gy  -  1-0. 

The  airframe  annulus  pressure  is  60.22  psia,  nd  the 
o:it-liner  annulus  pressure  is  320  psia  at  Station  565-47  and  305  psiE  it  the 
Joint  of  center  line  station.  For  analysis,  a  uniform  differential  c  250  psi 
and  net  axial  load  of  375^000  pounds  are  conservatively  assumed. 

6. 2. 5-1-2  Temperatures 

A  uniform  temperature  of  l400°F  is  assumed  fc  the  en¬ 
tire  attach  structure  with  no  variation  curoughput  the  length  or  radi  l  thick¬ 
ness. 
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6.2.5. 1.3  Material 

The  material  la  Rene'  41  fabrication,  1 
1975 T  for  1/2  hour,  water  quenched,  aged  at  l650°F  for  4  hourt 
The  rings  are  nsohined  from  forged  rings. 

For  1400*F,  the  material  properties  are 

?tu  =  150,000  psi 

Ft  =  100,000  psi 

E  =  24  x  106 

0.2#  plastic  creep  in  10  hre  «  68,000  j 
1#  creep,  10  hre  «=  85,000  psi 
6. 2. 5*2  Analysis  of  Vehicle  Coupling 

The  open  end  cylinder  with  its  integral  1 
«d  to  a  uniformly  distributed  axial  load,  applied  in  bearing  tc 
to  a  uniform  internal  (bursting)  pressure.  The  assumed  couplir 
lustrated  in  Figure  119.  A  method  for  analyzing  such  a  atruett 
in  Reference  5,  Case  l6,  Table  XXIX,  page  263,  and  is  applied  i 
tions  which  follow.: 


V0  «  transverse  shear  normal  to  wall,  1 

M0  «  bending  moment,  uniform  along  circ 
in. -lb/linear  in. 

p  »  unit  pressure,  psi  (250  psi) 

t  *  wall  thickness,  in.  (0.375  in.) 

a  =  median  diameter  of  vessel,  in.  (53 

b  -  median  diameter  of  flange,  in.  {59 

h  -  flange  thickness,  in.  (0.75  in.) 

P  »  tensile  force,  lb,  (375*000  lb.) 
f  -  nT at  ,  (*4.688  in.) 
d  »  flange  outer  diameter,  in.  (59*50 
=  meridional  membrane  stress 
=  meridional  bending  stress 
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is  follows; 


nge  is  aubject- 
he  flange,  and 
geometry  is  il¬ 
ls  presented 
the  calcula** 


linear  in. 
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*m»+*w*w  ini  n  vs& 


e2  =  hoop  membrane  stress 
Sg^-  =  hoop  bending  stress 


*,  -  -  J5.86H  JVi,. 

1  (d2  -  a2) 


T0  -  w.  l^LL.  ...  i_  log^ iJS.  +  0.1  (b2  -  a2) 

Y 

3 


-  — - —  --  j-ogp-  +  u.x  id-  -  a-;  =  0.1033 

h5  (d2  -  a2)  ? 


(f2  “  ^  *l)  (t  +  0-2325  ft)  p  -  2T2  (h  +  0.5377  f)  P 


2t 


1.86  ft  +  T,  L2  (2  +  0.116  |  tjJ  +  1.6103  fh  +  0.866  f2 


-12. 


(h2  Tx  4  1.86  ft)  V0  +  htgP  -  0.5  tp  (fg  -  ^  tx 
1.5  T  h  -  3-464  t 


=  710.93 


The  maximum  axial  stress  in  the  cylinder  is: 

84,500  psi 


S  (cylinder)  «  •  .  +  — - — 

t2  TT&t 


MS  (cylinder)  =  - - 1  »  +  0,03 

1.15  x  84,500  - * 

The  maximum  radial  stress  in  the  flange  Is: 

SR  (flange)  «=  &  {Mq  -  l/2  voh)  +  ~2  +  p  =  8l6i 

The  maximum  tangential  stress  in  the  flange  is 

0.8 


st  (flQn8c)  -  ^  (Mo  -  |  Voh)  ♦  hg--‘  _-g}  d2  (-15  M  +  7-5  hv0  +  l 


|  +  0.447  tP  (b2  -  a2)  +  *  (vo  +  hp)  =  11,840  psi 


MS  (flange)  - - 100^000 -  .  1  =  High 

1.15  x  11,840  ~ ^ 
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6. 5. 5. 3  Retaining  Bing  anal  Bolts 

The  retaining  ring  Is  segmented  and  Is  ho 
ring  by  140  3/8- inch  stud  bolts.  Retaining  ring  geometry  Is  sh 
120. 

Total  nozzle  assembly  axial  load  =  375,00 
Load/bolt  *  375,000/140  =  2680  lbe/lrat. 

6. 2. 3. 3.1  Bolt  Shear 

A  =  0.7854  (0.375)2  -  0.1102  In. 2 

fs  =  2680/0.1102  =  2*1,300  pel 
FSu  =  0.6  x  150,000  =  78,000  pel 


MS  (shear) 


7800 


-1  =  +  I.36 


24,300  x  1.25 
6. 2. 5.3.2  Bolt  Bearing  on  Retainer 

A  =  0.15  x  0.375  =  0.0563  in.2 
fbr  =  2680/0.0563  =  47,600  psi 

Fljru  =  Ftu  (conservative)  =  130,000  psi 


MS  = 


130,000 


-  1  a  +1-18 


47,600  x  1.25 

\ 

6. 2.5-5*?  Bolt  Coupling  Loading 

The  axial  load  transfers  from  the  lock 
bolt,  and  thence  through  the  retainer  ring  to  the  vehicle  fitti 
ure  12l).  The  moment  occasioned  by  Joad  transfer  in  the  retain* 
assumed  to  be  reacted  by  a  couple  acting  between  the  bolt  cente. 
bearing  of  the  retainer  on  the  lock  ring. 

Moment  Arm  =0,25  inches 

Load/bolt  «=  2680  lbs;  moment  *=  ?68o  x  0 


Couple  * 


670 


-  13:iO  in- -lbs 


0,50 

Bolt  inner  dla.  =  0-5179;  A  = 
Ft  15^0/0.079  -  17,000  psi 


0.079  Ib- 


MS  = 


100,000 


17,000  X  1.15 


“  1  =  High 
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6. 2. 5*3*4  Bending  of  Retainer  Ring 

O.D*  of  lock  ring  =  60. 9  in.;  eircumferencs  =  193*5  in.; 


140  1)01  ta  are  specified. 

Perimeter  of  retainer  ring  at  mid  height  =  36  in.; 

i  86 

TO  =  1-33  in. /bolt. 

Assuming  a  cross  sectional  area  1.01  inchef  fide  to  act 
as  a  beam  in  simple  bending. 


f  =  %  -  Is  gggg-S-OigSl  .  25,300  psi 
bd2  1.0  x  (0.4)2 


100 J 000  .  _  I 1 

m  9  25,300  x  1*15  =  +  2*^ 

6.2.5'3*3  Ring  Shear- Out 

Area  =  0*31  *  O.U/2  =  0.124  in*2 
P/A  =  2680/0,124  «  21,620  psi 
Fqu  -  78,000  psi 


MS 


78,000  .  .  _ 

21,620  x  1.25  ~X  *  +  1,9 


6. 2. 5*4  Analysis  of  Lock  Ring  (Figure  122) 

Assume  each  thread  reacts  one  half  of  the  37^  )00-pound 
limit  axial  load.  The  load  per  inch  of  thread  at  the  pitch  diamete  is: 


P  -  Jr  x^^tTTS  38  1CC0  lb//in' 


At  Section  A-A,  assuming  a  1.0-inch  circumfei  itial  width 
of  shell  and  thread  acting  as  a  beam, 

M  =  1000  x  0.4375  =  437*5  in. -lb 
I  =  1  *  ^12^^  «  O.OO395  in.*4 

**>  "  ^oTdoF#7-  "  15’250  p*1 
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Axial  stress  -  ~  »  *=  4620  psi 

1  x  0.415 


Total  stress  =  15,S50  +  4820  *=  20,070  pi 


MS  (yield) 


100,000 


20,070  x  1.15 


-1  «  +  3*33 


MS  (10-hr  creep  of  1$) 


85,000 


*  2.67 


20,070  x  1.15 

6. 2. 5. 4.1  Thread  Shear  at  Pitch  Diameter 

Area  =  0.50  in.2 

FSu  B  0.6  Ftu  =  78,000  psi 

P  -  1000  lbs;  Fr  -  =  2000  psi 

s  0,5 

78,000  n  rTJ  _ 

MBsL 25  x  2000  "  Ht6h 

6.2. 5*4.2  Analysis  of  Lock  Ring  as  a  Cylinder 

Due  to  the  high  margins  obtained  in  a  Lmilar  analy¬ 
sis  of  the  airframe  portion  of  the  attach  assembly  and  the  mai  Lns  obtained  in 
the  preceding  analyses  of  the  lock  ring,  no  further  investigai  :n  is  deemed 
necessary. 

6.2. 5. 4-3  Bending  on  Lock  Ring*- -Section  B-B 

Assuming  l/l40  x  circumference-wide  si  .p  as  a  beam, 

M  «  0,54  x  2680  =  1450  in. -lbs 

j ,  o^yro  .^<o.y»g .  0.013,  ln.t 


f  ■  “'o.tfig27’  ■  29,soo  p.1 
2680 


.0135 

Axial  stress  -- 


=  3020  pa: 


0.97  x  0.35 

fb  +  ft  =  29,600  +  5020  n  3)1,620  psi 

-1  -  +  1.5 


MS  (Yield)  =  - 122i°°0 


54,620  *  1.15 

MS  (10-hr.  creep  of  1.0*)  =•  ?  -1  =  +  1.14 
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6. 2. 5. 4. 4  Analysis — Exit  Noazle  Attach  Ring 

A  section  of  this  ring  is  shown  in  Figure 
6. 2. 5*^*5  Stress  at  Section  A-A 


Load  per  inch  on  each  thread  is: 


P  = 


275,000 


=  995  lbB/in. 


(5-H)  (59-647)  (2) 

M  -  (0.458)  (995)  =  450  in.-lbe/in. 

2  _  =  0.00697  in.**  (assuming 

wide  sect 


f(  total)  =  .(450?  ,.(0.2185;  + _ 21  5^000. _ 

0.00697  (3<l4)  (58.77)  0.437 


MS  = 


100,000 

1.15  x  18,720 


-1  =  High 
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7.0  MODELS 

7*1  Direct-Connect  Aerodynamic  Coupling 

7.1*1  Design 

The  direct-connect  aerodynamic  coupling  J 
contract  period  la  a  modification  of  the  test  hardware  used  in 
dynamic  coupling  tests  (eee  Figures  124-128). 

To  evaluate  simulated  reactor  airflow  dii 
control  red  and  actuator  assembly  and  front  support  assembly  w« 
simulate  geometrically  the  flight  engine  hardware  and  to  creat« 
possible  the  blockage  and  airflow  distribution  anticipated  in 
A  transition  plate  and  exit  plate  were  designed  with  approxima 
static  pressure  pickups  for  use  at  the  aft  reactor  face  during 
results  are  reported  in  Volume  II. 

7*2  One -Third  Scale  Free  Jet  Model 

7*2.1  Design 

The  l/j  scale  free  Jet  model  shown  in  Fii 
the  basic  hardware  from  the  direct-connect  aerodynamic  ccuplini 
i.e.,  the  reactor  ‘section,  exit  nozzle,  exit  nozzle  spacers,  a: 
mentation  sections. 

Figures  130  to  142  show  engine  eoraponenti 
stages  of  fabrication.  The  new  hardware  that  was  designed  and 
eluded  a  free  Jet  inlet  with  translating  centerbody  spike  and  1 
sonic  diffuser  section  and  translating  exit  nozzle  plug.  The  1 
of  the  inlet  nozzle  and  centerbody  are  reduced  from  the  flight 
ing  factor  of  0.3625,  which  produces  an  inlet  cowl  diameter  of 
inlet  8 pike  is  translated  by  means  of  a  hydraulic  actuator  thai 
Side  the  centerbody  structure.  This  actuator  operates  on  1000 
sure  and  is  capable  of  translating  the  spike  2.5  inches  at  the 
inches  per  second  working  against  a  load  of  30CO  pounds . 

Two  by-pass  doors  are  located  on  the  ext( 
inlet  structure  near  the  aft  end  of  uhe  centerbody,  one  door  01 
the  horizontal  centerline.  Each  door  has  an  open  area  of  18.8 
A  hydraulic  actuator  for  each  door  is  mounted  externally  and  if 
sitioning  the  doors  from  full  open  to  full  closed  within  two  st 

The  exit  nozzle  plug  is  positioned  at  th< 
exit  nozzle  throat  and  is  contoured  for  a  linear  area  variatioi 
tion.  The  plug  is  translated  by  means  of  a  hydraulic  actuator t 
of  translating  the  plug  18  inches  against  a  2500- pound  load  at 
inch  per  second. 
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ribution,  a 
e  designed  to 
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e  flight  engine. 
Ly  50  total  and 
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re  129  utilizes 
test  hardware; 
certain  instru- 
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31  supply  prea- 
ite  of  0.25 
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The  reactor  section  was  modified  to  allow  foot 
expansion  of  the  reactor  core  when  tested  with  450gF  inlet  air.  A: 
expansion  vets  contained  by  use  of  a  spring- loaded  ring  mounted  at  1 
face  of  the  reactor.  Radial  thermal  expansion  was  contained  by  us* 
loaded  straps  around  the  periphery  of  the  core  matrix.  All  the  has 
ents  for  this  engine  were  fabricated  from  mild  Bteel  and  4130  steel 
eultB  are  reported  in  Volume  II* 
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TABLE  I 

TABLE  OF  WEIGHTS  AM)  CENTERS  OF  GRAVITY  FOR  MA50-XCB  FROR  3IQJJ  SYSTEM 


Item 

Weight 

(lb) 

Eng:  *  Station 
3.0. 

MA50-XCB  Propulsion  System 

1 6,4# 

*77 

Inlet 

8,71? 

L70 

Diffuser  Duct* 

919 

+05 

Reactor  Control  Rod  Support  Mechanism 

297 

44 1 

Reactor  and  Support  System 

11, 468 

>33 

Exhaust  Nuzzle 

1,054 

>94 

*  To  be  furnished  by  manufacturer 
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TABLE  II 

MARGINS  OF  SAFETY 

1;  ■■ 
1', 

h  _ 

\ 

Item 

Type  of  Stress 

irgih 

i 

Cowl 

1  ‘i 
I 

Inside  skin 

Tension 

1.75 

t 

Outside  skin 

1  Tension 

4.06 

Inside  skin 

Compression 

3.82 

Leading  edge 

Compression 

1.67 

Skin  {near  leading  edge) 

Bending 

0.56 

Diffuser  Skin 

Long  time  "limit"  load 

Hoop  tension 

0,03 

1 

Short  time  "ultimate"  load 

Hoop  tension 

0,26 

Innerbody  Support  Ring 

Long  time  "limit"  load 

Compression 

nple 

Long  time  "ultimate11  load 

Compression 

itple 

Short  time  "limit"  load 

Compression 

0.85 

Short  time  "ultimate"  load 

Compression 

0.62 

1 

Innerbody  Skin  i 

t 

Short  time  "limit"  load 

Compression 

0.30 

Short  time  "limit"  load 

i 

Shear 

jple 

Long  time  "ultimate"  load 

Compression 

0.05 

Thrust  Fitting  (Pin) 

Short  time  "limit"  load 

Bending 

O.36 

Long  time  "limit"  load 

Bending 

0.68 

Short  time  "ultimate"  load 

Bending 

O.74 

Reactor  Support 

i 

1 

Pressure  shell 

Hoop  tension 

•gh 

Shell  veb 

Bending 

O.33 

Pressure  pad 

Bending 

0.11 

Pressure  pad  lug 

Bending 

.gh 

- 

'RESTRICTED  DATA 

t . 

-  llfi 


DECLfiSSlFSEDEWLi 

Chief, ScrdsCi  DeolassEMllS 
Date:  OCT  0  1 2015 


■SE€ftEF  RKfWCTIP  BATA 


S 

n. 

\ 


ASO-TDR-63-277.  Vol ,  IU 

won  6o(?? 

TABLE  II  (Continued) 

Item 

Type  of  Stress 

Margin 

Exit  Nozzle 

Forward  cylinder 

Hoop  tension 

M  Imum  «-  +  0.05 

Forward  cylinder 

Combined  bending  and  axial 

+  2.53 

Forward  cylinder 

Shear 

High 

Throat 

Combined  bending  and  axial 

+  1.32 

Forward  cone 

Combined  bending  and  axial 

+ 1.82 

Cone~Cy Under  Intersection 

Combined  bending  and  axial 

+  0.38 

Aft  Cone 

Station  636*32 

Collapsing 

i  0.085 

Station  623.^1  to  636*3 2 

Collapsing 

+  0.6l 

Bending  and  Axial 

High 

Shear 

High 

Aft  Doubler 

Collapsing 

High 

Shroud 

Forward  cylinder 

Collapsing 

+  0.70 

Station  15 

Collapsing 

+  O.16 

Cone 

Collapsing 

+  0.33 

Throat 

Collapsing 

+  0.39 

stem  mm&efm* 
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STABLE  XII 

■  INERTIAL  LOAD  FACTORS 


Parameter 

Launch  Conditions 

Low  Level 
Maximum  Cruise 

War  Head 

High 

At  Burnout 

At  Separation 

Ejection 

Altitude 

Cruise 

Altitude 

12  j  500 

21,500  . 

1000 

1COO 

10,000 

30,000 

Mach  Number 

2.25 

2.95 

2.90 

3.0 

2.9 

3.5 

Day  Condition 

Hot 

Hot 

Hot 

Cold 

Hot 

Cold 

+  6.0 
-  0 

+  0 
-  0.32 

+  0 
-  0.3 

+  0 
-  0.3 

+  0 
-  0.3 

+  0.10 

gy 

+  1.0 

+  1.0 

+  1.0 

t  1.0 

+  0.25 

+  1.0 

fie 

0 

0 

+  4.25 
-  2.25 

+  4.25 
-  2.25 

+  2.8 
-  0.8 

+  1.5 

-  0 

w 

y 

+  0.12 

0 

t  0.50 

i  0.50 

+  0.50 

±  0.50 

wz 

i 

+  0.25 

+  0.50 

+  0.25 

0 

+  0.50 
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TABLE  V 

VERTICAL  LOAD  FACTORS 


Parameters 

Lav  Level 
Maximum 
Maneuver 

Low  Level 
Warhead 
Ejection 

Altitude 

1000 

1000 

Mach  -  Number 

2.9 

2.9 

Day  Conditions 

Hot 

Hot 

«x 

+  0.3 

+  O.5 

% 

i  1-3 

J  1.5 

+  4.5 

# 

-  2.5 

*  Values  of  g  for  weapons  ejection  at  the  reactor 
endp  are  aszfollowe : 

Forward  End  Aft  End 


F.S.  882.4  F.S.  938.5 
gz  =  +  5*77  gj5  =  +  6.68 
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TABXB  VI 

GROUND  HANDLING  LOAD  FACTORS 


Parameter 

HOifit 

Transport 

Erectlo: 

8X 

+  0.25 

±  5*0 

+  1.0 

«y 

i  0.25 

+  0.05 

+  0 

ez 

+  2.67 

-  0 

+  2,0 
-  1.0 

+  2,0 

-  1.0 
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TABLE  VII 

ANALYTICAL  DESIGN  FACTORS  AND  FACTORS  OF  SAFETY 

A,  For  temperature  regimes  : 

in  which  time  and  material  creep  are  ne* 

Lgible  factors 

Type  of  Ttlm.lt  Stress 

Material  Mechanical 

Multiply 

og  Factor 

Strength  Property 

Design 

Safety 

Single  (uniaxial)  (tension, 
compression,  etc . ) 

Yield  or  proportional  limit 

1.10 

— 

Combined  stresses  biaxial, 
or  triaxial 

Yield  or  proportional  limit 

1.15 

— 

Single  or  combined 

Short  time  ultimate 

— 

1.25 

B*  For  temperature  regimes  in  which  time  Is  a  major  factor 

Single 

Uniaxial  steady  state  creep 

i.io 

— 

Combined 

Uniaxial  steady  state  creep 
for  type  of  stress  involved 

1.15 

— 

Single  or  combined 

Creep  rupture  for  type  of 
stress  involved 

— 

1.25 

Single  or  combined 

Fatigue  for  type  of  Btress 
and  load-temperature  pattern 
involved 

■■ 

1.25 
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WEIGHTS  AND  CENTERS  OF  GRAVITY  FOR  AXISYMMETRIC 


Weight 

(lbs) 

Center  of 
Engine  St 

Inlet  Assembly 

2717.1 

169.9 

Noae  Cone  (Movable  parte) 

10.9 

88.7 

Innerbody  -  Rings 

132.8 

150.6 

Innerbody  -  Skins 

219.4 

137.0 

Outer  Structure  -  Rings 

333.7 

192.1 

Outer  Structure  -  Skins 

920.0 

194.8 

Longerons 

251.1 

146.4 

Attach  Struts 

369.2 

221.0 

Actuating  Mechanism 

30.0 

111.6 
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MOMENTS  FROM  AIR  LOAD 


IfPQtT, 


6003 


1 

2 

3 

4 

5 

6 

X 

Moment 

Moment 

Combined 

Location 

(degrees) 

from 

Loading  I 

from 

Loading  II 

Moment  of 

I  and  II 

sin 

+20  sin  x-M 

Centerline 

0 

+  1J250 

-  26500 

-  13250 

0 

0 

10 

+  12650 

-  25400 

-  12750 

0.17 

-  44500 

20 

+  10500 

-  21000 

-  10500 

0.34 

-  72000 

30 

+  7350 

»  14650 

-  7300 

0.5c 

-  73000 

4o 

+  2820 

-  5610 

-  2790 

0.64 

-  35900 

50 

-  1910 

+  5810 

+  1900 

0.76 

+  29100 

60 

-  6650 

+  133?o 

+  6580 

0.86 

+114000 

70 

-  10850 

+  21600 

+  10750 

0.94 

+202000 

80 

-  136U0 

+  27200 

+ 13560 

0.98 

+276000 

Side 

90 

-  14500 

+  29000 

+  14500 

1.00 

+290000 

100 

-  13640 

+  27200 

+ 13560 

0.98 

+276000 

110 

-  10850 

+  21600 

+  10750 

0.94 

+202000 

120 

-  6650 

+  13320 

+  6580 

0.86 

+  114000 

130 

-  1910 

+  3810 

+  1900 

0.76 

+  29100 

140 

-  2820 

-  5610 

-  2790 

0.64 

-  35900 

150 

+  7350 

-  14650 

-  7300 

0.50 

-  73000 

160 

+  10500 

-  21000 

-  10500 

0.34 

-  72000 

170 

+  12650 

-  25400 

-  12750 

O.17 

-  44500 

Centerline 

180 

+  13250 

-  26500 

- 13250 

0 

0 

£1,900,000 

Units 

Notes : 

Columns  2  and  3  derived  from  Reference  5  (Case  27  data  with 

Column  2  "based  on  +  492  lbs/in.  maximum  f inward) 

Column  3  based  on  -  9^4  lbs/in-  maximum  (outward) 

(+)  moments  place  compression  on  outside  of  ring. 

Columns  2  and  3  integrate  to  transverse  loads  of  30,900  lbs, 
total  transverse  lead  of  46,35°*  Radial  deflection, A ,  of  po 
ative  to  a  line  joining  points  at  x  =  90a  and  x  -  270°  is: 


-  77-/2). 


5,430  lbs  or  a 
t  at  x  =  0  rel~ 


1,9007000  ... 

E  I 


1,900,000 _ 

22. T  x  106  x  0.631 


»  0,132  in 
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TABLE  XI 

TORQUE  LOADS  AT  VARIOUS  SECTIONS 


Section 

Distance  from 
Centerline  to  fitting 

y 

y2 

Ratio 

5^/1534 

Torque 

(in.-lbs) 

£ 

Torq 

A-A 

22.5 

506 

0.330 

370,000 

370 

OO 

B-B 

21.76 

472 

0.308 

345,000 

715 

OO 

C-C 

18.24 

553 

0*217 

243,000 

958 

00 

D-D 

12.40 

154 

0*100 

112,000 

1,070 

00 

E-E 

8.50 

69 

0.045 

50,000 

1, 120 

00 

1534 

1.000 

1, 120,000 

See  N 

e 

Note*  These  values  utilized  for  plot  (Figure  27)  of  torques 
be  sustained  by  inlet  itself. 
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TAEKE  XII 

SHEARS,  MOMENTS,  AND  TORQUES  FROM  Z  DIRECTION  COMPON 


1 

2 

5 

4 

Location 

x  to 

Section  A-A 

x*  from 
Centroid  to 
Section 

(X-)2 

Load  a 

A-A 

0 

+  77.30 

5,980 

22, 

B-B 

-  26.90 

+  50.40 

2, 5  to 

1**, 

C-C 

-  53.50 

+  23.80 

566 

6, 

D-D 

-  95.50 

-  18.20 

331 

-  5, 

E-E 

-127.86 

-  50.56 

2,550 

-  14, 

P-P 

-160 .46 

-  83.16 

6,900 

-  23, 

-464.22 

(+)  is  aft 
centroid 

18,867 

(+>  t 
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TABUS  XIII 


PRESSURE  OALCUIATIONS 


Segment 

Station  Location 

large 

Small 

Area 

(in.5) 

Average 

Ap 

(psi) 

Forward 

Load 

(it) 

Aftward 

Load 

(it) 

Description 

-37-7  to  -15 

124 

0 

35-62  =  -27 

3,350 

n4  Vo 

-15  to  0 

453 

124 

42-62  =  -20 

6,580 

piAe 

0  to  5 

610 

455 

•110-62  =  +48 

7,540 

ithout 

5  to  8.4 

660 

610 

110-62  -  +48 

2,400 

kirt 

8.4  to  18.7 

730 

639 

110-62  =  +48 

4,370 

Outer 

pike 

8.4  to  18.7 

730 

639 

62-62  =  0 

0 

kirt 

Inner 

18.7  to  22.4 

639 

566 

HO-62  =  +48 

3,500 

22.4  to  39.06 

566 

453 

311-62  =  249 

28,100 

ixed  Part 

39.06  to  71.66 

455 

226 

311-62  =  249 

56,500 

of 

71-66  to  89.96 

226 

0 

311-62  =  249 

56,300 

nner  Body 

0  to  5.0 

1210 

1130 

110-62  =  48 

2,880 

>  to  13.2 

1210 

1112 

110-62  =  48 

4,700 

nner  Skin 

13.2  to  22.4 

1112 

1010 

110-6?  =  48 

4,900 

of 

22.4  to  39.06 

1010 

966 

311-62  =  249 

10,940 

ouble  Wall 

39.06  to  71.66 

966 

880 

311-62  =  249 

21,400 

ovling 

71.66  to  89.96 

880 

835 

311-62  =  249 

6,220 

0  to  5.0 

1278 

1130 

31-62  =  -31 

3,970 

liter  Surface 

of 

ouble  Wall 

NOTE:  These  symmetrical  loads  are  base  loads  on  which  the  loads  Figures 
25  to  29  and  Tables  XI  and  XII  are  superposed  to  obtain  an  nayramet- 
rical  load  pattern. 
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TABLE  XIV 
JOINT  LOADS 


1 

2 

3 

h 

Location 

Section  A-A 

x1  from  Centroid 
to  Section 

(x')2 

Lo< 

A-A 

0 

+77-30 

5,980 

B-B 

-26.90 

+50.40 

2,540 

C-C 

-53.50 

+23.80 

566 

D-D 

-95.50 

-18.20 

331 

E-E 

-127.86 

-50.56 

2,550 

F^F 

-160.46 

-85 . 16 

6,900 

-464.22 

(+)  is  aft 
of  centroid 

18,867 

0 

lx  ->>64.22 

6  6 


-77*3  inches 


jSffis r 
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5 

P 

at  Joint 
15,000 
9)790 
4, 6l0 
3,530 
9,800 
16, 120 

tension 
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TABLE  XVI 

SYMMETRICAL  LOAD  PORTION  OF  BTEADY  STATE  FLIGHT  CONDITIOII  RING  IQMENTS 


Symmetrical  Load  Portion 

9 

Cl 

Cl 

Cl  , 

Total 

MF  ■ 

P  at  0° 

P  at  120° 

P  at  240° 

Cl  : 

( in-  s) 

0 

-  0.24 

-  0.025 

-  0.025 

-  0.190 

-  17  '00 

15 

-  0.12 

0.065 

-  0.015 

-  0.070 

-  6  10 

30 

-  0.02 

0.090 

-  0.050 

4  0.020 

45 

0.05 

0.100 

-  0.072 

4  0.078 

60 

0.088 

0.088 

«  0.075 

+  0.101 

+  9  50 

75 

0.10 

0.050 

-  0.072 

+  0.078 

80 

0.090 

-  0.020 

-  0.050 

4  0.020 

105 

0.005 

-  0.120 

-  0.015 

-  0.070 

120 

0.025 

-  0.240 

4  0.025 

-  0.190 

-  17  00 

125 

•  0.015 

-0.120 

4  0.065 

-  0.070 

l60 

-  0.050 

-  0.020 

4  0.090 

4  0.020 

165 

-  0.072 

0.050 

4  0.100 

4  0.078 

180 

•  0.075 

0.088 

4  0.088 

4  0.101 

+  9  5o 

195 

-  0.072 

0.100 

4  0.050 

4  0.078 

210 

-  0.050 

0.090 

-  0.020 

4  0.020 

225 

-  0.015 

0.065 

-  0.120 

-  0.070 

240 

0.025 

0.025 

-  0.24 

-  0.190 

-  17  CO 

255 

0.065 

-  0.015 

-  0.12 

-  0.070 

270 

0.090 

-  0.050 

-  0.02 

+  0.020 

285 

0.100 

-  0.072 

0.05 

4  0.07b 

5  CO 

0.080 

-  0.075 

0.088 

4  0.101 

+  9  50 

3 15 

0.050 

-  0.072 

0.100 

4  0.078 

330 

-  0.020 

-  0.050 

0.090 

4  0.020 

345 

-  0.120 

-  0.015 

0.065 

-  0.070 

-  6  10 

360 

-  0.240 

0.025 

0.025 

-  0.190 

-  17  00 

Notes : 

Coefficient  Cl  is  from  Reference  9^  (+)  moment  is  compres  on 
on  outside;  PR  -=  0500  x  10. T9  =  91,600  (from  Table  XI) 
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Unsymraetrical 

Symmetrical 

i 

Cl 

P  at  0° 

Mp  . 

CjPR 
( in- lbs) 

Mp 

( in'-lba) 

0 

-  0.24 

-  9,710 

-  17,400 

15 

-  0.12 

-  4,860 

-  6,410 

30 

-  0.02 

•*3 

0.03 

60 

0.088 

+  3,560 

+  9,250 

75 

0.100 

90 

0.090 

105 

0.063 

120 

0.023 

+ 1,012 

-  17,400 

135 

-  0.013 

150 

-  0.030 

165 

-  0.072 

180 

-  0.073 

-  3,040 

+  9,250 

195 

-  0.072 

210 

-  0.050 

225 

-  0.015 

240 

0.025 

+  1,012 

-  17,400 

255 

0.065 

270 

0.090 

285 

0.100 

300 

0.088 

+  3,560 

+  9,250 

315 

0.030 

330 

-  0.020 

345 

-  0.120 

-  4,860 

-  6,4io 

360 

-  0.240 

-  9,710 

-  17,400 

Notes 

:  Coefficient  C]_  Is  from  Reference  9;  (+) 

rat 

compression  on  outside.  For  unsymmetrica 
of  moments,  PR  is  3,760  x  10.79  =  40,500  ( 
37)  •  Moments  for  symmetrical  portion  of  I 
carried  over  from  Table  XVI. 
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TABLE  XVII 


ST2A1W  STATE  FLIGHT  CONDITION  BING  MOMENTS 


iribined. 


n-lbs) 


27,UO 

11,270 


12,810 


16,388 


6,210 


16,388 


12,810 


11,270 

>7,110 


snt  is 
portion 
ae  Figure 
id  3  are 
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0 


0 

15 

50 

*15 

6o 

75 

80 

105 

120 

125 

160 

165 

180 

195 

210 

225 

240 

255 

270 

285 

300 

315 

330 

345 

360 


TABLE  XVIII 


RING  MOMENTS  FROM  SHORT  TIME  MANEUVER  LOADS 


Symmetrical 


Total 

Cl 


-  0.190 
-  0.070 
+  0.020 
+  0.078 
+  0.101 
+  0.078 
+  0.020 
-  0.070 
-  0,190 
-  0*070 
+  0.020 
+  0  078 
+  0.101 
+  0.078 
+  0.020 
-  0.070 
-  0.190 
-  0.070 
+  0.020 
+  0.078 
+  0.101 
+  0.078 
+  0.020 

-  0.070 

-  0.190 


Moment 
(in- lbs) 


-  25,960 

-  8,810 


+  12,700 


-  23,960 


+  12,700 


23,960 


+ 12,700 


+  8 , 8lO 

-  23,960 


Unsymraetrical 


Total 

Cl 


■  0.24 

■  0.12 

■  0.02 

0.05 

0.088 

0.100 

0.090 

0.065 

0.025 

0.015 

0.050 

O.072 

0.075 

0.072 

0.050 

0,015 

0.025 

0.065 

0.090 

0.100 

0.088 

0.050 

0.020 

0.120 

0.240 


Moment 
( in-ltm) 


-  68,100 

-  3^,050 


+  25,000 


+  7,100 


-  21,300 


+  7,100 


+  25,000 


54,050 

68, 100 


Notes : 


Combi 


Marne 


+  37, 


-  16, 


-  0, 


- 16, 


+  37, 


Data  are  from  Table  XVI;  (+}  moment  1b  compressiu 
outside  for  symmetrical  portion  PR  =  11,698  x  10. 
126,000;  for  unsymmetrical  portion  PR  -  26,320  x 
=  284,000. 
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-  TABLE  XIX 

WEIGHT  AM}  CENTERS  OF  GRAVITY  FOR  CONTROL  ROD  SUPPORT  STRUCT! 

AND  ACTUATION  MECHANISM 


Item 

Weight 

Engine  Station  C 

Assembly  Total 

297.7 

422.4  Hot*  441.'. 

(a)  Front  Support 

9-7 

393-4 

(b)  Main  Support  Assembly 

j  28.0 

419.8 

(c)  Vernier  Rod  Strut  Assemblies 

9-4 

419  8 

(d)  Motors  and  Servo  Valves 

90.0 

419.8 

(e)  Linear  Transducers  +  Housing 

10.0 

419.8 

(f)  Torque  Drive  Shaft  +  Gears 

3.2 

419-8 

(g)  Rack  Guide  Tubes 

24.0 

422.6 

(h)  Aft  Support  Structure 

11.5 

466 .6 

( J )  Drive  Racks 

75.0 

396.6  Hot  436.6 

(k)  Spider  Fittings 

36.9 

423.6  Hot  463.6 

*  "Hot  refers  to  an  operating  power  reactor  condition;  "Cold" 
refers  to  a  zero  power  reactor  condition. 
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TABLE  XX 

WEIGHTS  AMD  CEHTERS  OF  GRAVITY  FOR  REACTOR  AMD  SUPPORT  SY 


Item 

Weight 

(Iba) 

Engine  Station  C 

Reactor  and  support  System 

11,468 

533 .9*0 

Core  and  Reflector 

7,569 

537-046 

Tie  Rode 

402 

531.203 

Retainer  Assembly 

228 

509.563 

Base  Blocks 

520 

565.408 

Grid 

900 

501.186 

Lateral  Support  Structure 

1,593 

536.870 

Axial  Support  Structure 

256 

501.186 
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TABLE  XXX 

THERMAL  EXPANSION  OP  TANGENTIALLY  AND  RADIALLY  ORIENTED  RINGS 

Expansion  (radial) 

R  (Core)  =  23.625  in. 

R  (Reflector)  »  26.625  in. 


R  (Pressure  Shell)  =  28.125 

in 

Reactor 

End 

of  Boost  (60 

sec) 

Steady  Stat 

Cruise  (300  sec) 

Component 

Material 

‘‘’Temp/’F 

Ccef/Exp. 

A  R 

Temp.  °F 

Cc 

/Exp 

Ar 

Core 

Fueled 

BeO 

2570 

5.65  x  10" ^ 

0.33^5 

2570 

5. 

x  10"^ 

0.33^5 

Zone  1 

Unfueled 

BeO 

* 

0.0046 

1890 

5- 

x  10-6 

0.0046 

Zone  2 

Unfueled 

BeO 

0.0066 

1490 

4. 

x  10"  ^ 

0.0066 

Zone  3 

Unfueled 

BeO 

0.0091 

1390 

4. 

X  10-6 

0.0091 

TOTAL 

0.3548 

0.3348 

Tangential 

System 

Exp. 

Shell 

Rene '  4l 

360 

6.8  x  10"6 

0.0525 

1500 

8. 

x  10"6 

0.322 

Radial 

Diff . 

Rene '  ill 

360 

6.8  x  lO-6 

0.302 

1500 

8. 

x  10-6 

0.033 

Diem. 

Diff 

Rene’  4i 

360 

6.8  x  10-6 

0.6o4 

1500 

8. 

x  10-6 

1 

0.066 

Circ. 

Diff. 

Rene'  4l 

360 

6.8  x  10“6 

1.895 

1500 

8. 

x  IQ"6 

0.207 

Radial 

System 

Pressure 

Shell 

Rene 1  4l 

300 

6.8  x  10"^ 

0.0439 

1200 

7- 

x  10"6 

0.248 

Radial 

Diff. 

0.311 

0.107 

*  Reflector  expansion  assumed  the  same  as  cruise. 
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TABLE  XXII 
SUMMARY  OF  CRITERIA 

(Inertia  Load  Factors  Taken  from  Section  2.0) 


Relative  Thermal 
Expansion 

Inertia 

Condition 

Spring 

Temperature 

(’F) 

Radial 

System 

(in.) 

Tangential 

System 

(in.) 

Load 

Factor 

(s) 

Type  of  I 

d 

Ground 

Handling 

TO 

c 

0 

3.75 

Static  * 

Boost 

70 

0 

0 

3.00  (RMS) 

Random  vi 

■ation 

Boost 

Transition 

380 

0.311 

0.302 

3.00  (RMS) 
S-23 

Random  vi 
Statics- 

at  ion 

Higfc  Altitude 
Cruise 

lit  00 

0.107 

0.033 

2.25  (RMS) 

4, 16 

Random  vi 
Static* 

ation 

Low  Altitude 
Cruise 

lllOO 

0.107 

0.033 

2.25  (RMS) 
5-95 

7-0  (Peak) 

Random  vi 
Static* 
Sinusoida 
tion  at  9 

ation 

vibra- 

eps 

*  Conservatively  assumed  static. 
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TABLE  XXIV 

ACCELEROMETER  RESPONSE 
(Run  No.  4) 


Input 

Frequency 

(cps) 

Input 

SRMS 

Response  gj^jg 

A- 10 

A-3 

A- 4 

A-3 

A- 6 

A-T 

A-8 

A-9 

A- 11 

12 

0.55* 

1.70* 

0* 

— 

1.5* 

— 

0.3 

0.8 

0.8 

15 

0.65* 

2-1 

0.3* 

0.26* 

1.85* 

— 

0.9 

l.l 

1.8 

20 

0.75* 

2.3 

0.85* 

0.60* 

2.0* 

— 

1.6 

l.l 

1.3 

25 

0.85* 

2.30* 

0.85* 

0.44* 

2.0* 

— 

0.88 

1.2 

1.3 

30 

1.0* 

2.05* 

0.65* 

O.52* 

1.9* 

~ 

1.0 

1.6 

1.2 

35 

1.20* 

1-75* 

0.40* 

— 

1.70* 

— 

1.0 

1.2 

2.0 

40 

1.25* 

1.65* 

0.30* 

- 

1.70* 

— 

0.75 

1.0 

L.2 

00 

1*5 

2.0 

1.2 

1.5 

2.0 

1.6 

1.0 

2.0 

2.0 

140 

1*7 

3*0 

0 

1.8 

2.5 

2.4 

2.0 

2.0 

?.5 

200 

2.5 

3*2 

4.0 

2.0 

3*5 

3*0 

— 

3.8 

2*5 

250 

2.3 

4.0 

5-6 

2.0 

3-0 

3*5 

... 

3*5 

— 

320 

2.2 

3.8 

1.2 

2.0 

2.5 

2.5 

— 

2.4 

L.O 

400 

2.2 

2*5 

0.80 

1.0 

1.0 

0.80 

2.5 

1.0 

).50 

440 

1*7 

3*0 

o.eo 

0.70 

1.2 

0.50 

1.0 

1.0 

).60 

500 

1.5 

2.6 

1.8 

C.60 

1.0 

O.70 

0,50 

2.0 

) 

*  Frequency  analyzed. 
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TABLE  XXV 

ACCELEROMETER  RESPONSE 
(Run  No.  10) 


Input 

Frequency 

(ops) 

Input 

brms 

Response  g^g 

A- 10 

A-3 

A- 4 

A-5 

A-8 

•9 

12 

'-'0,95* 

2.2* 

— 

-» 

15 

l.o* 

2.45* 

0.5 

0.2 

0.8 

6 

20 

1,0* 

2,65* 

— 

— 

-- 

25 

l.o* 

2.75* 

2.0 

0.8 

0.5 

h 

50 

1*1* 

2.70* 

2.2 

2.0 

1.0 

8 

35 

1.2* 

2.65* 

-- 

— 

-- 

4o 

1.5* 

2. 50* 

2.5 

1.0 

1.0 

0 

80 

3-0 

— 

3.0 

1.0 

1.5 

0 

140 

3-0 

-- 

3.0 

2.5 

2.5 

0 

200 

3.1 

5-5 

3-0 

2.5 

— 

7 

250 

2.9 

— 

2.5 

1*7 

— 

0 

520 

2.7 

-- 

3.0 

1.0 

0.5 

5 

400 

2,0 

— 

3-0 

0.8 

1.0 

5 

440 

1-7 

— 

1.0 

1.0 

1.0 

5 

500 

2.0 

4.5 

1.5 

1*5 

1.0 

0 

*  Frequency  analyzed  • 
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TABLE  XXVI 

WEIGHTS  AND  CENTERS  OF  GRAVITY  FOR  EJECTOR  EXHAUST  NOZZ 


Item 

Weight 

(It) 

Engine  St at  n 

: 

Exhaust  Nozzle  Assembly 

1054 

594.2 

i 

i 

Primary  Shell 

570.9 

618.9 

Secondary  Shell 

239-5 

587.7 

- 

Lock  Ring 

178.4 

568.1 

i  ! 

t  ' 

Attach  Ring 

162.1 

571.0 

1  I 

1 

Ring  Assembly  -  Expansion 

41.0 

565.8 

1 

Stiffener  Ring  -  Aft 

9-1 

660.3 

Stiffener  Ring  -  Forward 

8.4 

654.3 

Stiffener  Ring  -  Intermediate 

7.9 

646.3 

Stiffener  Ring  -  Intermediate 

6.1 

636.3 

Drag  Brace  (12  required) 

8.7 

573.9 

Pylon  (8  required) 

9.0 

613.3 

Support  Doubler  (8  required) 

11.8 

613.9 

Fitting  -  Inner  (8  required) 

1.1 

663.4 
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1*ABLE  xxvrir 

SHROUD  PRESSURE  AND  TEMPERATURE  DATA 
(Low  Altitude  Cruise  at  Mach  3,22  and  1,000  ft;  ICAO  Standard  L 


Engine 

Station 

Inner 

Surface 

Outer 

Surface 

Pressure 

(psla) 

1 

Temperature 

'(0J) 

0 

320 

254 

66 

1350  | 

570.470 

300 

25k 

46 

1350 

575.470 

296 

254 

38 

1350 

585.470 

286 

258 

28 

1355 

587.24 

284 

238 

26 

1360 

590.470 

283 

2  36 

27 

1380 

595-470 

279 

252 

27 

1 

1420 

600.470 

274 

24l 

33 

1465  1 

605.037 

267 

216 

51 

1520 

611.289 

254 

126 

128 

1550 

613.413 

249 

109 

140 

1550 

615.87 

160 

90 

70 

1490 

616.969 

81 

81 

0 

1 
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FIGURE  27 .  Unsymmetrical  Air  Load  Distribution 
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FIGURE  35  •  Vertical  and  Horizontal  Loads  on  Strut  Spars 
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FIGURE  57-  Estimated  Full  Scale  Reactor  Drag  Load  Variation  During  Unstart  Transient  Ground  Test  Only 
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FIGURE  6b «  Test  Setup  for  Single  Belleville  Spring — R-235  Material 
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FIGURE  65.  Strain  Gages  Installed  era  Inner  and  Outer  Surfaces  of  Modified  Belleville 
Spring  Full  Radius  Both  I»B.  Edges) — R-235  Material 
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APPENDIX  A 

-OLASOiriEP  -MATERIALS  STUDIES 

Cyclic  Stress  Studies  on  Rene1  41 

To  evaluate  the  behavior  of  Rene  r  4l  under  conditions 
operation,  creep  specimens  of  0.050  in.  thick.  sheet  were  subjected 
tensile  stresses  at  l40Q*F  in  accordance  with  the  stress-time  .prof! 
in  Figure  A-l.  The  results  of  deformations  produced  by  cyclic  load 
parison  with  deformations  produced  on  control  specimens  subjected  t. 
ard  creep  test  at  the  seme  temperature,  subjected  to  a  constant  str- 
Ksi  and  for  the  same  total  time  are  presented  in  Table  A-I.  A  comp 
results  between  test  and  control  specimens  shows  that  cycled  specim 
ted  less  by  a  factor  l/4  to  1/9,  indicating  strengthening  occurred  < 
of  this  particular  cyclic  test*  Standard  tensile  tests  were  also  p 
a  strain  rate  of  0.001  in. /in. /sec  at  l4CO°F,  the  principle  strain 
c lie"  tasting.  The  results  of  these  tensile  tests  are  compared  in  Ta 
Cycled  specimens  show  tensile  values  intermediate  to  noncycled  and 
ed  specimens;  the  creep  tested  specimens  having  the  highest  tensile 

Table  A-III  and  Figure  A-2  present  results  of  creep-ru 
performed  on  control  specimens  at  l4C0*F  under  a  52  Ksi  stress.  Th 
tion  in  IQ  hours  was  approximately  0,2#  much  higher  than  the  cycled 
Tensile  tests  were  also  performed  at  1400 °F  under  stress  rates  vhic' 
strain  rates  of  0.001,  0.01,  and  0,1  in- /in. /a sc.  The  results  of  t'. 
are  presented  in  Table  A- IV  and  Figures  A -3  and  A- 4.  As  expected, 
time  tensile  properties  increased  with  the  strain  rate. 

The  strengthening  effect  shown  by  these  cyclic  tests  ia 
to  a  combination  of  additional  precipitation  and/or  solid  solution 
stimulated  by  repeated  strains, at  the  temperature  of  testing.  Cons 
additional  testing  will  be  needed  to  resolve  the  effects  to  be  expe 
service  cycles.  A  program  of  cyclic  testing  of  Rene*  41  and  the  ot 
should  be  undertaken  to  study  the  effects  of  temperature  and  stress 
precipitation  and  nonprecipitation  hardening  alloys. 
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TABIE  A- 1 

CHEEP  OF  RENE 1  kl  DURING  CYCLIC  TESTING 

Specimens  -  Standard,  0.050  in.  thick  sheet 

Creep  Measurements  -  Before  and  after  cyclic  testing. 

Specimens  at  room  temperature. 

Scribe  marks  measured  with 
Gaertner  toolmaker's  microscope 
Heating  -  Resistance 


Specimen 

Number 

Length  (Inches) 

Change  in  Length 

T  O  Tyi  <1  Vi  ft  O 

Pic 

T  Y\  ' 

Before  Cycling 

After  Cycling 

in  c;  mcnes 

(in.) 

in  c 

0-1 

— 

1.9978 

— 

G~3 

1.9990 

2.C308 

0.0018 

G-13 

1.9988 

1.9993 

0.0005 

G-l4 

1.9999 

2.0012 

0.0015 

CREEP  OF  RENE'  4l  DURING  STATIC  TESTING 

Load,  Temperature,  -  Load  -  52,000  psi,  oonetant 
and  Time  -  Same  temperature  as  above 

-  time  5  hours 


Spec  tom 
Number 

Length  (Inches) 

Change  in  Length 
In  2  Inches 
(in.) 

Pie 
In  $ 

Before  Cycling 

After  Cycling 

G-10 

1.9980 

2.0068 

0.0088 

G-ll 

1.9990 

2.0079 

0.0086 
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FIGURE  AS.  Creep  of  Rene'  Sheet  (lltOO°F;  52  Ksi) 
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at  Selected  Strain  Rates 
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